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The Betectlon of Adulteration 

in Food. 

BY C. M. VORCE, F. R. M. S. 

V. — Red-Pepper and Turmeric. 

Next to black-pepper, red-pepper, 
usually called Cayenne pepper, seems 
to naturally deserve attention. This 
substance, which, from its name, many 
people suppose to be derived from a 
variety of the same plant which fur- 
nishes black-pepper, is the ground pod 
and seeds of a plant almost exactly 
similar in microscopical character- 
istics to the common, large red.-pepper 
of our gardens, so extensively used 
ioT pickling. The commercial Cay- 
enne pepper is chiefly prepared from 
the pods of the Capsicum annuum, 
although some other varieties of cap- 
sicum are occasionally used. 

Pursuing with this, the plan adopt- 
ed with other substances, we procure 
some of theunground, dry pods which 
we find to be thin, bright-red, conical 
pods with a slight oily feeling, divi- 
ded lengthwise by a thin septum, 
usually into two, occasionally three, 
compartments, in each of which is a 
double row of flat, hard seeds over- 
lapping each other like shingles. The 
pod of an especially fine sample of 
imported capsicum is shown in sec- 
tion, natural size, in fig. i, plate I, 
and the seeds, also natural size, in 
fig. 2 a. The pod and seeds are ex- 
tremely pungent and stinging to the 
tongue and the slightest touch will 
leave a taste for several minutes. The 
outside of the pod is smooth and shin- 
ing to the eye, but the inner surface 
is covered with minute, short ridges, 
which instantly bring to mind the 
appearance of a very highly magni- 



fied podura scale. The appearance 
of this inner surface under a pocket 
magnifier, is shown in fig. 3, and that 
of the cut edge of the pod*at a fig. 3. On 
examining a piece of the pod with an 
inch-objective, viewing it as an opaque 
object, the outer surface is seen to be 
smooth and glossy, composed of cells 
quite uniform in size, mostly quad- 
rangular and (arranged in longitudi- 
nal rows, irregular in places, but usu- 
ally quite regular and resembling 
brickwork (fig. 4). The inner sur- 
face, which shows the ridges above 
referred to, is composed of very ir- 
regular cells, quite uniform in size, 
but with very sinuous outlines (fig. 5). 
The dividing walls of the cells ap- 
pear sunken. On examining a por- 
tion of the pod in water by transmit- 
ted light, every cell appears filled 
with oil (fig. 6), and numerous min- 
ute drops of yellow oil are seen float- 
ing in the water (fig. 6 d). By a half- 
inch objective (of wide angle) the 
cells have the appearance of crowded 
oily drops (fig. 7). The true size and 
shape of the cells are not easily made 
out in this condition. Bands of spi- 
ral vessels, somewhat branched, but 
having a general longitudinal direc- 
tion are seen in the substance of the 
pod (fig. 8). 

On adding alcohol to the specimen 
under examination, most of the oil is 
dissolved, but it does not render the 
substance sufficiently transparent to 
clearly show the cells of the pod. In 
some places the cells of the surface 
show the contents reduced to a small 
central drop (fig. 4, lower part); this 
drop will not dissolve in alcohol even 
when heated, but by withdrawing the 
alcohol, and adding potash- solution 
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with gentle heat the object is cleared 
so that the cells are well seen. The 
cells of the outer surface have now the 
appearance of thick-walled cells of 
considerable depth (fig. 9), and the 
underlying cells can be made out as 
compressed, polygonal cells, some- 
what larger than those of the outer- 
layer, in several layers, with some 
granular contents still remaining and 
all having a deep-yellow color bor- 
dering on light-red. 

The appearance of the inner sur- 
face is considerably changed by pot- 
ash, the cell-walls being rendered in- 
distinct in places, and the surface 
having a puckered and puffed ap- 
pearance (fig. 10). A piece of the 
pod, macerated over night in potash- 
solution, becomes softened and swoll- 
en and is thus readily teazed out 
into separate elements. The cells of 
the substance of the pod, separated 
after maceration in potash, are shown 
in fig. 12 a; the cell-contents are 
greenish-yellow in color. 

Upon cutting a thin, transverse 
section of the dry pod and examining 



it in water by one-inch objective, the 
ridges of the inner surface are seen 
to be hollow, like blisters, of a shining 
yellow color, and only attached to 
the substance of the pod at their 
edges; some are loosely filled with a 
colorless matter having the appear- 
ance of empty, collapsed pulp-cells, 
while some are quite empty (fig. 13 a). 
A clear, thin membrane lines the 
pulp-cells under the raised inner 
ridges (fig. 13 ^). The substance of 
the pod is composed of small pulp- 
cells, originally oblong or roundish, 
now compressed by drying, and full 
of a yellowish, finely granular cell- 
contents having an oily appearance. 
The pod is from eight to ten or more 
cells in thickness, the layer of cells 
on the outer surface being quite dis- 
tinct from the interior layers. The 
pulp-cells adjoining the space under 
each of the raised ridges of the inner 
surface of the pod are of a deeper, 
somewhat reddish color, for a depth 
of from three to seven cells, as indi- 
cated by dotted lines in fig. 13, where 
the pulp-cells are omitted from part 



I}£SCRIPTION OF PLATE 7. 

Capsicum and Curcuma, 

Fig. 1. Sections of pod of West India cap- 
sicum, natural size. 

Fig. 2. Seeds of same : a, natural size ; b^ 
treated "with potash ; r, with nitric acid. 

Fig. 8. Inner surface of pod slightly mag- 
nified ; tf , section of same. 

Fig. 4r. Outer surface of capsicum-pod X 73. 

Fig. 5. Inner surface of same, dry, X 73. 

Fig. 6. Capsicum-pod, untreated, in water, 
X 73 ; ^, oil globules. 

Fig. 7. Same, X 152. 

Fig. 8. Spiral vessels of pod, in water, X 73. 

Fig. 9. Outer surface of pod treated with 
potash, X 152. 

Fig. 10. Inner surface treated with potash, 

X 152.' 

Pig. 11. Outer surface treated with nitric 

acid, X "oO. 

Fig. 12. Pulp-cells of the pod : a, treated 
with potash, X 73 ; b, with acid, X 250. 

Fig. 13. Transverse section of pod, un- 
treated, X 73 ; <i, loose ridges ; ^, membrane 
of pulp ; c, cells of pulp. 

Fig. 14. Section of outer skin of pod treat- 
ed with nitric acid, X 250. 

Fig. 15. Inner skin of pod treated with ni- 
tric acid, X 250. 



Fig. 16. Transverse section of seed, un- 
treated, X 73. 

Fig. 17. Surface of seed, showing shape of 
pits in the surface, X 250. 

Fig. 18. Sections of shell and seed, X 250 : 

a, treated with potash ; ^, with nitric acid. 
Fig. 19. Thin membrane enveloping coty- 
ledon of seed, x 250. 

Fig. 20. Section of cotyledon of seed treat- 
ed with potash, X 250, showing also starch of 
the seed, untreated, as seen by 1-inch, j^f-inch 
and -^-inch objectives. 

Fig. 21. Yellow starch-grains of turmeric, 
X250. 

Fig. 22. Light-colored starch {a) and cells 
of root-bark ifi) of same, X 152. 

Fig. 23. Spiral vessels of turmeric-root, X 
250. 

Fig. 24. Starch : a, of turmeric (?) ; b, of 
rice ; <r, of wheat found in ground turmeric, X 
250. 

Fig. 25. Scales of vegetable substance 
found in ground turmeric, X 152. 

Fig. 26. Cellular tissue of turmeric with 
starch-grains, X 152. 

Fig. 27. A, the yellow starch (Fig. 21), 

b, the white starch (Fig. 24 d) of turmeric 
treated with potash, X 152. 

Fig. 28. Masses of earthy adulterants soft- 
ened by water, X 250. 
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of the figure. The same drops of oil 
(fig. 6 ^) are plentiful in the water 
surrounding the section, and the water 
is very pungent to the taste. 

In a portion of the pod that has 
been macerated one night in nitric 
acid, the pulp-cells (fig. 12 b) are 
more swollen than those acted on by 
potash; the color is nearly all ex- 
tracted, and the cells of the outer 
surface now show the separate layers 
of the cell-wall, the central, thick- 
ened layer being very distinct, and 
the thin, slightly wrinkled, inner layer, 
or primordial utricle, less distinct but 
plainly visible (fig. 11). A section 
of the outer skin of the pod, now 
easily separated from the pulp, shows 
the thickened framework of the cells 
cut across, and having a clear glassy 
appearance and a light-yellow color, 
in section, while the surface appears 
finely punctate (fig. 14). No cell- 
contents are present and no trace of 
the outer cell-wall forming the sur- 
face of the pod can be seen in the 
section, although it is readily seen 
in surface-view. A great number of 
sections were made and examined in 
the effort to discern the reason of 
this disappearance, but without suc- 
cess. The inner surface of the pod, 
after maceration in acid, presents an 
exceedingly beautiful appearance; 
being somewhat swollen, the crook- 
edness of the cell-walls is thereby 
lessened, the secondary layer is very 
distinct, and 'the primordial utricle 
is festooned in loops and has exactly 
the appearance of being tied back at 
close intervals to the thick cell-wall, 
while the cell-contents are shrunken 
to a small globule in the centre of the 
enlarged cell (fig. 15). Under the 
microscope the inner layer of ridges, 
when untreated, appears of a clear, 
horn-like consistence, and to the fin- 
gers the pod seems tough and leathery, 
with a slight oily feel, and one in- 
stinctively wonders how it is practi- 
cable to grind it to a fine powder. 

Passing now to the examination of 
the seed, which constitutes the great- 
er bulk of this variety of capsicum- 



fruit, we find the seed covered with 
shallow pits of sinuous shape, separa- 
ted by sharp-edged serpentine ridges 
shown in outline in fig. 17. When 
softened by maceration in potash, the 
seed appears to the eye as in fig. 2 ^, 
and if macerated in nitric acid is still 
softer and more transparent, appear- 
ing as in fig. 2 Cy in which the coiled 
radicle is visible to the eye by trans- 
mitted light. A transverse section 
across the seed, about its middle, ex- 
amined in water by a one-inch objec- 
tive appears like fig. 16. The hard 
seed-coat is of considerable thick- 
ness with the outer surface serrated 
and separated from the cotyledon by 
a thin membrane. The cells of the 
cotyledon are small, angular, and fill- 
ed with granular matter; the trans- 
verse sections of the radicle are 
darker-colored, because composed of 
smaller cells with cell-contents more 
green. On squeezing out of one of 
the cut seeds the enclsoed cotyledon 
and crushing it on a slip in water, it 
is found to be enclosed in a thin, 
square-celled, hyaline membrane (fig. 
19). The crushing of the seed sets 
free a cloud of minute, white, spher- 
ical starch-granules, which render 
the water cloudy, and are barely visi- 
ble with an inch objective; by the 
quarter-inch objective they are seen 
distinctly, but not so as to reveal any 
hilum. These starch -grains are shown 
in the upper part of fig. 20, as they ap- 
pear by half afid by quarter-inch ob- 
jectives, and three of the granules as 
seen by a one- tenth-inch homogenous- 
immersion lens, are shown at the 
right of fig. 20. 

The outer seed-coat of a macerated 
seed, viewed from the outside, shows 
the outlines of the cells to corre- 
spond with the pits of the surface, as 
in fig. 17, in which the lines repre- 
sent the sharp edges of the ridges 
separating the pits, which are very 
much deeper than in the dry seed. 
A section of the macerated seed-coat 
is shown in fig. 18. The membrane 
lining the shell of the seed, which is 
hyaline in its natural state, becomes 
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finely punctate after the maceration in 
acid (fig. 19, lower part). 

A section of the cotyledon cleared 
of starch by means of potash, is shown 
in fig. 20. The cells are angular, thick- 
walled, smaller near the surface, and 
filled with minute starch-grains before 
treatment ; one cell is figured with the 
starch-grains in place as they appear 
before the application of potash. 

Treating successive portions of 
ground capsicum with the various re- 
agents named, will bring to view all 
of the details of structure described 
above, and enable the genuine capsi- 
cum to be distinguished with certain- 
ty from its adulterants. Simply add- 
ing strong potash solution will often 
remove from view nearly or quite 
three-quarters of the substance under 
examination, and all of the capsicum 
will be found in what is left, as only 
its starch would be removed by the 
potash and would not have been ob- 
served in the first place unless a 
power of about two hundred diame- 
teis was used. 

Ground Cayenne pepper in its com- 
mercial state is very largely adulter- 
ated. The pure capsicum is so ex- 
cessively acrid that it is able to carry 
four or five times its own bulk of 
other substances, and still rank as a 
condiment. The adulterants chiefly 
used are turmeric, both genuine and 
spurious, starch of various kinds, both 
pure and in the shape of meal, and 
various ochreous earths to give 
weight. Red-lead is also said to be 
sometimes used, probably to restore 
the color lightened by the use of 
flour, but I have not seen it in any 
specimens I have examined. The best 
sample of ground Cayenne pepper 
that I could obtain was composed of 
about one-third capsicum, nearly one- 
third wheat-flour, a little rice-meal, 
and about one-third turmeric. This 
pepper was still so biting that what 
adhered to the dry finger would, 
^hen touched to the tongue, cause 
the peculiar burning taste of capsi- 
cum to linger for ten or fifteen min- 
utes. 



The chief adulterant, beside starch, 
is ground turmeric, the color of which 
is very near that of capsicum and 
which also has some degree of acridity. 
To determine the structure of turme- 
ric, we should require a piece of the 
root in its uatural state, but this is by 
no means easy to obtain. I have visit- 
ed many druggists at home, and also 
sent to other cities for it without 
finding it, and one druggist of many 
years* experience, whose specialty is 
botanical drugs, told me he had never 
seen the root except in powder, and 
volunteered the information that but 
little of the powder sold as ground 
turmeric is really curcuma at all. 
But having collected samples of so- 
called ground turmeric from a number 
of different sources, and finding them 
all to agree in certain microscopical 
characteristics, as well as in color, 
taste and smell, I conclude that there 
is really a good deal of powdered 
curcuma-root in the market after all. 
The figures 21 to 26 inclusive, show 
structures common to all the samples 
of turmeric examined, and omitting 
mention for the present, of structures 
found only in some of the samples, 
these structures (figs. 21 to 26), will 
be considered as representing genu- 
ine turmeric. 

The color of turmeric is instantly 
extracted by alcohol while that of 
capsicum is not, hence it may be de- 
tected by this means without the mi- 
croscope ; on dropping a little sus- 
pected cayenne into one of two small 
vials of alcohol placed side by side 
before a light if any turmeric is pre- 
sent a yellow tint will be instantly 
manifest, its color depending on the 
amount of turmeric. Ths presence of 
earthy or metallic substances can be 
discovered by decantation in test- 
tubes. Starch is detected by icdine,or 
still better by the microscope. The 
starch of turmeric is large and of a 
clear, transparent, yellow color, in 
rounded, somewhat irregular grains, 
each of which occupies its own cell in 
the tissue of the root (fig. 26); but in 
ground samples it is mostly free or in 
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groups of three to six grains; various 
shapes of the grains are shown in fig. 
21. These grains have a peculiar 
rough look on the surface which it is 
difficult to represent in a drawing. 
Different parts of the root differ 
somewhat in structure, as the starch- 
grains of one part are smaller, lighter 
colored, and smoother (fig. 22 a), 
while some portions, probably of the 
bark, exhibit cells of an oblong, rec- 
tangular shape, with finely punctate 
cell-walls (fig. 22 ^). The spiral ves- 
sels are large and coarsely marked 
(fig. 23), and some of them appear 
nearly square. In all the samples of 
turmeric that I have examined, more 
or less starch from other plants was 
found, usually consisting of rice-starch 
(fig. 24 ^) and wheat-starch (fig. 23 ^) 
but in some samples I found also a 
large-grained starch (fig. 24 a) prob- 
ably of some kind of arrow-root, or 
else from the white roots of turmeric, 
as this is sometimes sold as arrow- 
root. These granules are as color- 
less as wheat-starch, polarize with 
narrow bands, yet wider than potato- 
starch, and are somewhat less quickly 
dissolved by potash, but finally dis- 
solve almost completely (fig. 27 d). 

The yellow grains of the turmeric- 
starch are quickly and deeply stained 
by iodine as any other starch, but do 
not show so clear a blue color on the 
addition of sulphuric acid as do the 
whiter starches. The starch (fig. 
22 a) gives a very deep clear-blue 
color by this process. Potash swells 
the yellow turmuric-starch to several 
times its former bulk, but the shape 
is still preserved and the sack-like 
membrane of the starch-grains re- 
mains visible even when heat is used 
(fig. 27 a). The yellow grains of 
turmeric-starch do not polarize in my 
hands with or without selenite. A 
quantity of thin, colorless, irregular 
scales, exhibiting no trace of structure 
(fig. 25) are seen in ground turmeric, 
but their origin is uncertain. The 
earthy adulterants consisting of small 
masses of aggregated granular parti- 
cles (fig. 28) which separate by pres- 



sure into fine angular particles and 
disperse in the water, would easily be 
recognized by any observer as foreign 
to any vegetable substance. 
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Examinatlon of Blood-Stains 
by Beflected Light. 

In the examination of blood-stains 
I have used with great satisfaction 
Beck's illuminator with a >^-inch 
objective. 

With the aid of this instrument I 
have been able to examine and meas- 
ure blood-corpuscles in place on a 
steel instrument that had been ex- 
posed in the woods for two winters. 
When the corpuscles are somewhat 
disintegrated, their form and dimen- 
sions are still clearly seen by this 
method. 

I have a curiosity, in a legal point 
of view, — an axe which has lain in 
the open air in the forest three years, 
•and which is but little rusted ; some 
parts of it are quite bright and shin- 
ing. I think no one would suspect 
that it had been exposed to the 
weather for even one winter. 

Yours very truly, 
Moses C. White, M. D. 

Professor of Pathology in the 

Medical Department of 

Yale College. 

New Haven, Ct. 



I 



The Bacteria.* 

Billroth believes that all forms of 
bacteria are but different stages in 
the growth of a single organism, 
which he names Coccobacteria septica. 
He supposes that this organism ex- 
ists in two forms, viz. : the coccus- 
form, when it appears as minute, 
round cells, and the bacteria-form 
when it is elongated or rod-shaped. 
He then distinguishes the different 
forms by their size. The coccus- 
forms are named micro-, mesa- and 
mega-coccus ; the bacteria-forms are 

♦ Abstract of some remarks by the President 
before the New York Microscopical Society, 
January 6th, 1882. 
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be. When the bacteria form a scum 
upon the surface they form petalo- 
coccus or petalo-bacteria. 

Davaine's classification, which is 
convenient, is as follows : — 

Twisted. 



micro-, mesa- and mega-bacteria. 
Then, according as there are one, two 
or several cells united, he designates 
them as mono-, diplo- and strepto- 
coccus, or bacteria, as the case may 

Filaments straight, or bent, but not twisted. 
A. Moving spontaneously. B, Immovable, 

a. Rigid. b. Flexible. 

Bacterium, Vibrio, Bacteridium, Spirillum. 

Dr. Luerssen has proposed the following classification, which seems to be 
excellent ; — 

I. Cells not in filaments, separating immediately after division, or in couples, free 
or united into colonies (Zooglcea) by a gelatinous substance. 

A. Cells dividing in one direction only. 

a, cells globular : Micrococcus, 

h, cells elliptical or shortly cylindrical : Bacterium, 

B. Cells dividing regularly in three directions, thus forming cubical familieis, having 
the form of pockets strung crosswise, and consisting of 4, 8, 16, or more cells : Sarcina, 

II. Cells united into cylindrical filaments. 

A, Filaments straight, imperfectly segmented. 

a. 'filaments very fine and short, forming rods : 

b. filaments very fine and very long : 

c. filaments thick and long : 

B, Filaments wavy or spiral. 

a. Filaments short and stiff. 

a, filaments slightly wavy, often forming woolly flocks : 

b, filam<ents spiral, stiff, moving only forward or backward : 

b. Filame nts long, flexible, with rapid undulations, spiral through 
and endowed with great mobility : 



Bacillus, 

Leptothrix, 

Beggiotia, 



Billroth' s classification is com- 
mendable for its simplicity, but there 
are facts to be mentioned further on 
which tend to prove that some of the 
different forms of bacteria are 
distinct species. Nageli follows Bill- 
roth to some extent. He finds that 
forms, precisely alike in their appear- 
ance under the microscope, occur 
under very different conditions, and 
produce different effects. He there- 
fore supposes that they have become 
adapted to the different conditions in 
which they are found, and recent ex- 
periments afford no little support to 
this idea. Cohn, supported by Pas- 
teur, Koch and other competent 
authorities, declares that there are 
well-defined species of bacteria, 
which are characterized by physiolo- 
gical phenomena peculiar to them- 
selves. 

Taking the evidence as it stands 
Qow, as far as it is familiar to the 
speaker, it seems clear that there are 



Vibrio, 

spirillum, 

their whole length, 

Spirochate, 

distinct species ; but any single spe- 
cies may be found in such totally dif- 
ferent forms, that the identity of the 
forms cannot be determined without 
a study of the growth and propaga- 
tion of the particular specimens un- 
der examination. Thus, Bacillus an- 
thracisy in a certain stage of its 
growth, produces spores which can- 
not be distinguished by their ap- 
pearance from micrococci. These 
spores, however, do not multiply by 
division like micrococci, and they 
are not killed by a temperature which 
is fatal to the latter. The necessity 
of a knowledge of the life-history of 
these forms in naming them is, from 
this fact, apparent. 

In opposition to Cohn's views, the 
experiments of Prof. Law may be 
cited, which tend to prove that by 
cultivation alone, a harmless species 
can be made virulent, while an in- 
fectious species can be made entirely 
harmless. 
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Motion of Diatoms. 

The article in the last Journal 
from Dr. Geo. M. Sternberg, con- 
firming Dr. Wallich's view relative to 
the motion of Diatoms, is interesting 
to all who have studied the subject. 
He says : " Dr. Wallich ascribes 
these motions to the existence of pre- 
hensile filaments capable of alternate 
extension and retraction, of extreme 
tenuity, yet of extraordinary strength 
and elasticity." Dr. Sternberg has 
not been able to see these filaments 
in living diatoms, and therefore can- 
not verify the assertion. His method 
of instantly terminating the life of di- 
atoms is both interesting and unique ; 
but, judging from the instantaneous 
contraction which has taken place in 
the many animal and vegetable ob- 
jects which I have attempted to pre- 
pare for mounting, I am surprised 
that he succeeded so well. About 
eight years ago I was in correspond- 
ence with Prof. H. L. Smith concern- 
ing the motion of diatoms, when he 
called my attention to certain filamen- 
tous growths, hairs, or pseudopodia, 
long and very slender, proceeding from 
the edge of Stephanodiscus Niagara. 
Sometimes they were twice as long as 
the diameter of the diatom. No one 
had seen them but himself at that 
time, and he had only observed them 
two or three times. In a few weeks 
I was gratified by finding the same 
attachments in a gathering which I 
made from the water-supply from Ni- 
agara River. 

I still have some of them mounted 
on a slide which shows them very 
distinctly. In 1876 I sent the slide, 
with others, to microscopists for their 
examination and opinion as to the 
nature of the filaments. Those of 
them who ventured an opinion were 
inclined to consider them pseudopo- 
dia. I quote from one correspond- 
ent, Mr. Geo. W. Morehouse, who 
says : " Certainly there is strong re- 
semblance to pseudopodia. Did you 
detect any motion of the pseudopo- 
dia while the diatoms were living.' 



* * * On the whole the resem- 
blance to pseudopodia is greater than 
to anything I know of. Plants do not 
possess true pseudopodia, but, in the 
lower forms, are there not some fami- 
lies of plant-animals, possessing some 
characteristic of both animal and plant? 
Is it possible in all cases to distinguish 
between protoplasm and sarcode ? 
* * * I consider your dis- 
covery of considerable importance, 
and hope you will give the facts to 
the public.** I have not done this, 
except as above indicated and also by 
showing the slide to a few individu- 
als. I have been waiting for more 
light. Now, if Dr. Wallich and Dr. 
Sternberg have been able to photo- 
graph or prepare diatoms in any 
other way, showing any indications of 
these filaments, whether prehensile or 
not, it would give me great pleasure 
to have an opportunity to compare 
their specimens with mine. For my 
own part, I have been inclined to 
regard the filaments as a parasitic 
fungus, but this may be far from the 
truth. There is one fact, however, 
that must be borne in mind, viz. : 
that Stephanodiscus^ like all the dis- 
coidal diatoms, has very little mo- 
tion, if any. Then, what are the fila- 
ments for, if they are a part of the 
diatom? I have observed another 
point of great interest in the study of 
this subject, and it may ultimately 
help to throw light on it. In my con- 
tinued examination of the diatoms 
found in the Niagara water-supply, I 
have at times found the smaller dis- 
coidal diatoms, such as Orthosira, 
Melosiray and some of the genus Cy- 
clotella^ in great abundance. These 
were stationary, of course; but on the 
slide, under the cover-glass or not, 
they would repel every light-body, 
and all the debris from contact with 
them, so that a distinct annulus, clear 
and well defined, would be formed 
around them. The width of the an- 
nulus was about equal to the diame- 
ter of the frustule. This phenome- 
non may be witnessed by any who 
are so fortunate as to collect this 
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class of diatoms alive. The experi- 
ment may be made beautifully de- 
monstrative by the application of a 
little soluble blue under the cover- 
glass, with the drop containing the 
diatoms. Whether this phenomenon 
is the result of cilia too minute to be 
seen, or of motion of the chlorophyll- 
grains inside the diatoms, I could 
never determine, though I have 
watched for hours. Unfortunately, a 
change in the character of my water- 
supply has deprived me of the means 
of continuing these investigations ; I 
cannot now find the diatoms. I 
would say further that I have shown 
this object to many microscopists 
and to the microscopical club of this 
city. I would be glad to hear from 
any who may have a word to say on 
this subject 

Henry Mills. 
Buffalo, N. Y. 

o 

The Grifflth Cell. 

BY E. H. GRIFFITH. 

The following method of making 
cells, which I think originated with 
myself, I have for many months used 
vith more satisfaction than any 
other. I am pleased to learn that the 
method is also very popular with mi- 
croscopists in many States to whom 
I have explained the process. Place 
the slide on a turn-table, and with 
white-zinc cement turn a circle on 
the centre if for a transparent mount, 
or a disc if for an oj)aque one, then 
to the circle or to the disc centre a 
common curtain ring and immediate- 
ly paint the ring with the cement, 
taking care not to push it from its 
position. When dry, the cement will 
hold the ring very firmly so that there 
need be no fear that it will break off. 

If a shallow cell is desired the 
nngs may be flattened easily ; or, if 
a deep one is required, several rings 
may be securely fastened one above 
the other by painting each one in 
succession, in the same way that Mr. 
Walmsley makes his excellent wax- 
cells. If the cement does not flow 



readily add benzole ; and in case the 
cell becomes rough, dip the brush in 
clear benzole and smooth it. Use a 
brush well filled with the cement to 
secure a smooth background. With a 
little practice a person may easily 
make fifty beautiful and practical 
white cells in one evening, and in a 
few hours they will be hard and 
ready for use. When the cover-glass 
is to be fastened a little of the ce- 
ment is easily applied. When dry the 
slide may be finished with colors pre- 
pared from tube paints mixed with 
benzole-balsam, or with damar and 
benzole. Before mounting, if a dark 
background is desired, I know of 
nothing better than a disc of as- 
phalt of any desired size turned in 
the centre of the ring. Over the as- 
phalt a small sized cover-glass may 
be used for the object to be placed 
upon, or the asphalt may be covered 
with shellac when dry. The object 
may be fastened with gelatin or gum 
arabic, or made to adhere to the 
coat of shellac before it becomes dry. 



The New *^ Congress" Stand. 

This stand, made by Mr. W. H. 
Bulloch, of Chicago, is supported by 
a broad, flat tripod. Upon the upper 
portion of this tripod rests a thick, 
circular plate, from which rise two 
stout columns that support the body 
of the instrument. The plate rotates 
upon the tripod, but it can be 
clamped in any position by a screw 
with a large milled head. The edge 
of the plate is silvered and graduated 
to degrees. 

The body of the instrument is sus- 
pended at the top of the columns by 
two trunnion joints. It can be in- 
clined at any angle from vertical to 
horizontal, and can be clamped by a 
pair of screws. The limb has an un- 
usually long and broad slide, more 
than an inch in width by about six 
inches in length. Near its outer edges 
are two V-shaped grooves extending 
the whole length of the slide. The 
centre of the slide is cut out into a 
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deep groove to receive the rack ; the 
sides of this groove are undercut 
with secondary grooves at right angles 
with the first. 

A rib considerably longer than the 
slide on the limb is attached to the 
tube. This rib fits upon the slide ; 
from its centre projects a secondary 
rib, which bears the rack. On each 
side of the rib which holds the rack 
are two' small ribs, which fit into the 
V-shaped grooves of the slide ; they 
are the bearing surfaces of the tube. 
From each side of the secondary rib 
which carries the rack, project two 
flanges, which fit into the under-cut 
grooves in the deep groove in the 
centre of the slide. Their purpose is 
to keep the small ribs closely applied 
to the V-shaped grooves. 

The fine adjustment is behind. A 



piece about three inches long is cut 
out from the centre of the slide, 
which contains the pinion. A small 
piece is cut off from the end of this 
piece, so as to allow a motion of 
about an eighth of an inch. A strong 
spiral spring is placed above this to 
keep it pressed down to the bottom 
of its slot. It can be raised by a lever 
which is acted upon by the milled- 
head of the fine adjustment. By turn- 
ing this screw the lever acts upon the 
piece containing the pinion and 
moves it, and with it also the 
tube. The milled-head is provided 
with an index and subdivided in such 
a way that turning the screw past 
one division will move the tube one- 
thousandth of an inch. The useful- 
ness of this device is still further in- 
creased by a scale subdivided into 
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hundredths of an inch, attached to 
the limb where it joins the tube. 

With a magnifying power of about 
2,000 diameters used on this stand, 
there is not the slighest apparent dis- 
placement of the object by any motion 
of the fine adjustment, and the work- 
ing of the screw-collar, is accom- 
plished with the greatest ease. 

The nose-piece carrying the Wen- 
ham prism is readily removed and 
another one substituted having no 
diaphragm. 

The sub stage and mirror are at- 
tached to bars, both of which swing 
on a pivot around the object as a 
centre ; they both have a silvered 
and graduated limb, and can be 
swung together or separately. When 
these two bars are brought together 
they are held by a spring stop ; an- 
other spring stop indicates when they 
are brought to the centre. 

The swinging substage may be 
used for measuring the angular aper- 
ture objectives. This method con- 
sists in attaching a small lamp to the 
substage and using it as a source of 
light for observing some object upon 
the stage of the microscope. By 
gradually swinging the substage and 
lamp until the image disappears, we 
have measured all the usable angular 
aperture of the objective. The sub- 
stage is moved up and down upon its 
bar by a rack and pinion, as usual. 
Its centering arrangement is placed 
behind the ring, and consists of a 
rack and pinion, and a screw similar 
to the movement of most mechanical 
stages. It has a motion from side to 
side of about half an inch, and a 
quarter of an inch forward and back. 
An arm beneath the stage holds the 
hemispherical lens or Woodward 
prism. This arm can be removed. 
The lens or prism can also be placed 
in the substage. In the latter they 
can be centered with great ease. Be- 
low the substage is a ring to hold the 
polarizer. This ring swings to one 
side, enabling the observer to examine 
an object alternately with polarized 
and unpolarized light, without trouble 
or disturbing the object. 



The stage is held by a saddle- 
piece which is steadied by a strong 
brace passing down from the limb. 
It is entirely independent of the 
swinging of the mirror and substage. 
This saddle-piece contains a set of 
screws with perforated heads for 
centering the ring which supports the 
stage. By removing these screws so 
far back the ring can be very much 
reduced in thickness without .impair- 
ment in strength or stiffness. The 
stage rests upon this ring. It rotates 
and can be centered with the greatest 
exactness by the screws in the saddle- 
piece. 

The stage is a revival of an idea 
which Mr. Bulloch says was applied 
by Spencer thirty years ago. It con- 
sists of the ordinary stage-plate, hav- 
ing in its centre a large square hole. 
One side of this plate contains a wide 
dove-tailed groove. In this groove 
slides a bar with its surface level with 
the top of the plate. At right angles 
to this bar is attached another bar. 
On this second bai; slides a third bar, 
into which it has been dove-tailed. 
The motion of this third bar is, of 
course, at right angles to the motion 
of the first. A thin plate is attached 
to the third bar and lies fiat upon the 
stage-plate. This plate is perforated 
and holds the slide by means of a 
spring. It will be seen that this ar- 
rangement permits of motion of the 
thin plate in two directions at right 
angles to one another. Two pinions* 
perpendicular to the stage, which 
work one through the other, and act 
upon racks placed at right angles, 
effect this motion. Scales placed at 
right angles serve the purpose of 
finders. 

This form of stage presents several 
advantages. It is convenient. The 
perpendicular milled-heads of the 
stage-motion are within easy reach of 
the hand, and from them a change 
can be made to the milled-heads of 
the coarse or fine adjustment, without 
thought or trouble. 

The motion of the stage is very 
easy and rapid ; an animalcule can 
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be followed, however swift or tortu- 
ous its course may be. It permits a 
complete rotation. There is no ma- 
chinery underneath to interfere with 
the course of the light. The stage 
may be made extremely thin. In this 
stand light may be admitted at an 
angle of something more than i6o 
degrees. 

The stand has also an arrangement 
for drawing, suggested to Mr. Bulloch 
by Dr. Lester Curtis, which is de- 
signed to do away with some of the 
difficulties attending the use of the 
ordinary camera lucida. A little table 
is fastened to the limb by milled-head 
screws. Paper is placed upon this for 
drawing. One of Hartnack's right- 
angled camera lucidas is used. Draw- 
ing can be done in any position of 
the microscope. There is hardly more 
preparation required for this than 
would be required to change an eye- 
piece. The comfort of this arrange- 
ment, when one is doing work which 
requires much drawing while obser- 
vation is going on, needs to be ex- 
perienced to be appreciated. 



Large ts. Small Stands. 

I must thank you Mr. Editor, for 
your criticism of my remarks on stands 
in your November number. You have 
undoubtedly done the best you could 
for your side of the question, and 
that is very little. As the matter is 
one of the first importance to all in- 
vestigators, as well as to those who 
are to be the investigators of the fu- 
ture, I must ask the privilege of criti- 
cizing my critic, and allow me to re- 
niind you that this is not a new sub- 
ject with me; I fought the same battle 
with Prasmowsky in the Lens several 
years ago. 

You now ignore the main question 
which I endeavored to make promi- 
nent: " There can be no doubt that 
the time of large and costly micro- 
scopes is passed. Indeed, there will be 
always some that will want them, but 
the experienced worker, whether he 



be an amateur or a professional, will 
surely discard them." 

It is this teaching that I reject, and 
claim ought to be rejected; and I 
claim also that it is rejected. 

Now I know that there are persons, 
not only in Europe, but in America, 
who think and talk as you do; but I 
do not know that any one of them 
has any experience of the difference 
of vision between the common Ger- 
man model and the full-sized ten- 
inch tube of English and American 
instruments. As I said before, the 
whole use of the microscope is to see 
with, and considerations of cost or 
convenience must be secondary to 
seeing best. It does not follow that 
the full-sized Jackson model should 
be very costly, further than two 
pounds of brass cost more than one 
pound. Of course, some persons need 
or wish for, appliances that cannot 
be used at all, or not efficiently on 
the short stands. That is another 
matter, I am claiming the time of 
large microscopes is not passed. 

I utterly deny that the small stands 
"are more convenient." Any use of 
a microscope is a matter of delicate 
manipulation, and it is equally con- 
venient to take a sixteen pound mi- 
croscope from its case, where it stands 
vertically ready for use, as it is a four 
pound one. 

You say, " We have in no place es- 
pecially commended the German 
model, but we wrote of * low stands 
not much higher than the German 
model.* " Precisely that I, and I pre- 
sume every one, understands to be 
a commendation of the German mo- 
del, and my objection is not especially 
to German, but to any not much 
higher. 

My omission in the quotation that 
you refer to, was intentional; I was 
not, in that passage, considering the 
minor question of convenience, but 
the great all-important one of superi- 
ority of vision which, practically you 
surrender. 

To conclude, if any yet claims that 
the time of large microscopes — mean- 
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ing by "large," ten-inch tubes and 
ten to sixteen pounds weight "has 
come," let them accept my proposi- 
tion of the demonstration of superior 
optical performance, or forever after 
hold their peace. 

The question is not for argument, 
but one of fact. 

Charles Stodder. 



Cleaning Diatoms. 

I offer the following suggestion for 
cleaning diatomaceous material when 
largely contaminated with sand. A 
quantity of the material is placed in a 
teaspoon, and water is then added 
until the teaspoon is nearly filled ; 
the spoon is gently shaken with a 
back and forth or a circular motion, 
for a few seconds or longer, when the 
water must be quickly drawn off by 
applying the tip of a finger to the 
point of the spoon, taking care to 
draw off the superficial water, with- 
out allowing the heavier sediment to 
pass over the point. Pour from the 
spoon into a watch-glass, the sur- 
plus water is then drained off, and 
the diatoms removed for mounting. 
This method produces a magical con- 
centration of the diatoms, large and 
small, making the remaining sand 
inconspicuous by the superabund- 
ance of the diatoms. 

K. M. Cunningham. 



EDITORIAL. 

Subscriptions. — Remittances for subscrip- 
tion should be made by post-ofBce money-order, by 
drafts payable in New York, or in registered letters. 
Money sent in any^ other way will be at the sender's 
risk. A receipt will be immediately given for money 
received by open mail. 

Boston Water. — The report of 
Prof. Ira Remsen on the Boston 
water, referred to last month, has 
been published by the city of Boston. 
It is illustrated by a colored plate re- 
presenting the fresh-water sponge, 
Spongilla fluviatilis^ with a transverse 
and a longitudinal section of the 
sponge. A letter from Prof. Farlow 



is also printed, who expresses his be- 
lief that the " cucumber odor " is not 
due to any vegetable growing in the 
water. Prof. Remsen's conclusions, 
which were quite fully stated in our 
December number, were combated, 
by a number of gentlemen at a meet- 
ing of the Boston Society of Natural 
History, but we are still inclined to 
the belief, after carefully reading his 
official report, that they will be veri- 
fied by future investigations. 

o 

Microscopical Societies. — We 
have heretofore followed the estab- 
lished custom of publishing the reports 
of microscopical societies as they have 
been furnished by the secretaries, 
omitting matters of a purely business 
nature, or such as were only of local 
interest. This course has, for various 
reasons, been more or less unsatis- 
factory ; for we have felt that the 
space occupied by the reports, while 
too small to admit of full notices of 
the meetings of all societies, could be 
filled with matters of greater general 
interest and importance if the reports 
were condensed and given in a differ- 
ent form. 

We have, therefore, decided to 
adopt a different plan this year, 
which, although it will add to the 
labor of editing the Journal, will, 
nevertheless, we believe, prove more 
satisfactory to subscribers and also 
to the members of the societies. 

We propose to take the reports of 
meetings that may be sent to us each 
month, read them carefully, and em- 
body the most instructive and inter- 
esting features of them all in a single 
article, as in this number. This plan 
will doubtless make the reports more 
readable, and it will afford us an op- 
portunity to offer occasional sugges- 
tions and criticisms. Under the for- 
mer plan we were occasionally 
obliged to print erroneous observa- 
tions or conclusions without com- 
ment, — we can now indicate these 
without offence to the authors, for 
even the best of us are liable to make 
mistakes, and we have not the slight- 
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est doubt that the new plan will prove 
more satisfactory to the societies than 
the old one. 



Animal Vaccination. — In an 
article published in Popular Science 
Monthly^ Dr. W. B. Carpenter has 
presented this subject in the follow- 
ing language : — 

" Thus, then, it becomes possible to af- 
fect sheep and cattle witn a form of 
anthrax-disease so mild as to bear much 
the same relation to the severer forms 
that cow-pox bears to small-pox ; and for 
this artificial affection with the mitigated 
disorder, Pasteur uses the term * vaccina- 
tion.* The question that now arises — ^to 
which the whole previous investigation has 
led up— is the most important of all: 
Does this ' vaccination ' with the mild 
virus afford the same protection against 
the action of the severe, that is imparted 
by cow-pox vaccination against small-pox ? 
To this question affirmative answers were 
last year obtained by Professor Greenfield 
{on Professor Burdon-Sanderson's sugges- 
tion) in regard to bovine animals, and by 
^.Toussaint in regard to sheep and dogs ; 
tl^e former, when vaccinated from rodents, 
^dthe latter from fluids cultivated out- 
adethe living body after a method de- 
wsedbyM. Toussaint, proving themselves 
^iicapable of being infected with any form 
of anthrax-disease, though repeatedly in- 
oculated ^with the malignant virus, and 
remaining free from all disorder, either 
constitutional or local. The same result 
having been obtained from experiments 
made by Pasteur himself, probably about 
the same date, with charbon-virus culti- 
yated in the manner previously described, 
\ ^^ deemed expedient by one of the 
Provincial Agricultural Societies of France 
that this important discovery should be 
publicly demonstrated on a great scale. 
Accordingly, a farm and a flock of fifty 
sheep having been placed at M. Pasteur's 
disposal, he vaccinated twenty-five of the 
nock (distinguished by a perforation of 
their ears) with the mild virus on the 8d 
of May last, and repeated the operation 
on the 17th of the same month. The 
animals all passed through a slight indis- 
position, but at the end of the month 
none of them were found to have lost 
either fat, appetite, or liveliness. On the 
iJlst of that month, all the fifty sheep, 
jyithout distinction, were inoculated with 
^e strongest charbon-virus, and M. Pas- 



teur predicted that on the following day 
the twenty-five sheep inoculated for the 
first time would all be dead, while those 
protected by previous vaccination with 
the mild virus would be perfectly free 
from even slight indisposition. A large 
assemblage of agricultural authorities, 
cavalry-officers, and veterinary surgeons 
having met at the field the next afternoon 
(June 1st), the result was found to be ex- 
actly in accordance with M, Pasteur* s 
predictions** 



Contagious Diseases of Ani- 
mals. — Special Report No. 34 of the 
Department of Agriculture, contains 
several valuable contributions to the 
knowledge of diseases of animals, to 
which we cannot do justice in the 
space at our disposal. However, some 
of the investigations recorded in the 
report deserve especial mention here; 
among them those of Dr. D. E. Sal- 
mon, on swine-plague and fowl-chol- 
era. After recording some experi- 
ments upon the efficiency of cer- 
tain disinfectants in destroying the 
virus of swine-plague, some microsco- 
pical investigations in regard to the 
nature of the virus are quite fully de- 
tailed. 

Dr. Salmon finds a Micrococcus in 
the blood of animals affected with 
swine-plague, which he regards as the 
possible cause of the disease. How- 
ever, the precise relation between the 
disease and the organisms referred to 
is clearly stated as follows, quoting 
from Dr. Salmon's report: — 

"If, in conclusion, we admit the 
presence of a particular bacteria-form 
in the effusions, or even in the blood, 
in the disease, the facts already re- 
ferred to in regard to the presence of 
such organisms in non-contagious 
maladies, often before death, renders 
it necessary that a connection be es- 
tablished between such bacteria and 
the contagium; certainly no satisfac- 
tory connection or identity has been 
shown to exist between the bacteria 
and virus in this disease up to the 
present time." 

There are many interesting obser- 
vations described in this report, and 
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a valuable review is given of the whole 
subject of bacteria and their relation 
to diseases; but we cannot now no- 
tice them more fully, and the reports 
of Drs. Law, Detmers, and others, 
must be "passed over with only this 
reference. There is also printed a 
translation of some articles by M. 
Pasteur, and by others, read before the 
French Academy of Sciences concern- 
ing the etiology of charbon. 

The importance of these investiga- 
tions, conducted by the Department 
of Agriculture, is not readily overes- 
timated, and the liberality with which 
the illustration and publication of the 
reports is provided for, indicates that 
the value of the thorough scientific 
study of such diseases, to the agricul- 
tural and commercial interests of the 
country, is fully recognized by the 
Department. These investigations 
require not only the best instruments 
for observation, but also a thorough 
knowledge of the subject on the part 
of the investigators, combined with 
skill and experience as observers. 
The reports of the Department already 
show that the truly scientific method 
has not been followed by every inves- 
tigator who has been entrusted with 
the microscopical study of the schizo- 
phytes of disease. Hasty and erro- 
neous conclusions have been reached, 
where a more profound knowledge of 
the work of others would have been 
a safeguard against them. But on the 
whole, the work has been well done, 
and we trust it will be continued in a 
manner as satisfactory as it has been 

in the past. 

o 

Large and Small Microscopes. 
— Mr. Stodder is so persistent in his 
arguments on this subject, that we 
deem it worth while to present the 
opposite side more fully than hereto- 
fore, indicating the reasons for the 
position we have taken. We have 
supposed our readers would see clear- 
ly enough, why a small stand, if it 
can be made to do the work of a 
large one equally well, is more con- 
venient than the latter, and we have 



not, nor do we now, deem it worth 
while to spend any time in the dis- 
cussion of that question. But Mr. 
Stodder denies even this. We will 
not attempt to demonstrate that he 
is in error, but willingly leave the de- 
cision of a mere matter of opinion 
like this to the judgment of our 
readers. 

Mr. Stodder seems to think small 
stands are necessarily made with 
short tubes of small diameter, and 
that they cannot be used for all pur- 
poses. But in this, he is quite wrong. 
By a small stand we mean one about 
the size of Mr. Bulloch's " Biological," 
and, as for the size of the tube, we 
would have it of the standard which 
may be recommended by the Ameri- 
can Society of Microscopists, what- 
ever that proves to be. The length 
of the tube is a matter of compara- 
tively little importance. It may be 
ten inches or it may be less. We 
think it should be ten inches with 
the draw-tube out, merely because 
English and American objectives are 
corrected for tubes of that length. 
Lest there should be any misappre- 
hension about the advantage of a 
large over a small tube, it may be said 
that for each focus of ocular, there is 
a certain limit for the diameter of 
the tube, beyond which there is no 
advantage in further enlargement. 
If we established a definite focus for 
an " A " ocular, then the best size for 
the tube will be just large enough to 
utilize the full aperture of the field- 
lens of that ocular. Practically, there 
is a limit to the diameter of the field- 
lens. Hence a tube exceeding that 
limit affords no advantages. But as 
the higher oculars are used, the 
available diameters of the field-lenses 
become smaller. Hence, a "B " ocu- 
lar does not require, for perfect ac- 
tion, so large a tube as the " A ;" the 
"C," does not require one so large as 
the "B," etc. It is probable, there- 
fore, that the standard size of tube, if 
ever adopted, will be determined by 
the " A " ocular. 

We are now in a position to under- 
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stand the force of Mr. Stodder's 
assertion that he could display ob- 
jects better on a large stand than up- 
on a small one, — ^meaning one with a 
small tube. Undoubtedly this is true 
with low oculars ; but with higher 
oculars it is not. However, we do 
not wish to have on our small stands 
a tube of smaller diameter than the 
" A " ocular requires, so further dis- 
cussion of this subject is not necessary. 
In writing upon this subject at 
first, we did not allude to the advan- 
tages of a large tube, simply because 
the display of objects is rather a 
secondary consideration, from a prac- 
tical point of view. All the work of 
investigation requiring the use of 
high-power objectives, and careful 
examination, can be done, satis- 
factorily and accurately, with small 
tubes. Let us not forget what con- 
tinental observers have done, and are 
now doing, with small tubes. 

If the reader will now turn to page 
114, Vol. II, it will be seen that Mr. 
Plodder claims certain advantage for 
large stands in the use of accessories 
and in illumination. We may admit 
thit most small stands now made, are 
not adapted to the best display of 
objects. But this fact by no means 
controverts our assertion that small 
stands are the best — it only shows 
that they are not yet made as they 
should be. For it is certainly true 
that a small stand can be made to do 
all that a large one will, just as well 
and more readily. For delicate work 
a large mirror is more difficult to use 
than a small one — let anyone who 
doubt's this statement, test it by 
experimenting on A. pdlucida with a 
Woodward prism, and a large and a 
snaall mirror. In a small stand every- 
thing is conveniently at hand. The 
fine-adjustment is not too high for 
comfort, the substage is not too far 
away. 

We do not speak without practical 
experience in this matter, having used 
for years a very large microscope ex- 
clusively, and afterwards a small one. 

The favorite stand of the future, 



the most salable one, and the one 
that is destined to displace the tall, 
showy instruments now so largely 
used, will be a small, compact micro- 
scope, with which any microscopic 
work can be done. 



Proceedings of the American 
Society of Microscopists. — The 
proceedings of the Columbus meeting 
have recently come to hand. The 
volume contains 100 pages of printed 
matter and seven plates. As we have 
already given a brief account of the 
meeting, soon after it was held, an 
extended notice of the articles is not 
called for at this time, especially as 
the volume itself can be obtained for 
$1.10 from Mr. Geo. E. Fell, of 
Buffalo. 

Dr. A. M. Bleile has a short but 
valuable contribution on the inner- 
vation of the lungs with a. plate. Dr. 
Lester Curtis has taken a strong po- 
sition against the teachings of Drs. 
Heitzmann and Elsberg, of this city, 
who are supported by a few other 
observers, concerning the net-work 
structure of protoplasm. We trust 
that he will have still more to say up- 
on this subject, for although most 
histologists are inclined to ignore the 
ill-founded "bioplasson doctrine," it 
is well known that grevious errors 
will readily become fixed in the 
minds . of students and others, if no 
efforts are made to refute them. Mr. 
Vorce has a list of the organisms 
found in the water of Cleveland, and 
a few interesting observations about 
the periodicity of their development. 
A plate containing one hundred and 
ninety-two figures accompanies this 
article. Dr. Blackham discusses the 
question whether homogeneous-im- 
mersion objectives should be made 
adjustable or non-adjustable. He 
thinks they should be adjustable and 
gives his reasons. Mr. Geo. E. 'Fell 
has an interesting article about the bin- 
ocular microscope and stereoscopic 
vision. Our criticism of that article 
is, that since, in our opinion, the sub- 
ject is one which requires more thor- 
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ough scientific investigation than it 
has yet received from any competent 
person, it is too early to reach any 
definite d priori results. We believe 
many of the opinions that now pre- 
vail regarding stereoscopic vision 
with the microscope are destined to 
be materially changed in the future. 
Nevertheless, Prof. E. Abbe is not a 
man whose assertions or observations 
are to be lightly thrown aside, and 
Mr. Fell would do well to read care- 
fully his discussion of binocular 
vision with the microscope, as pub- 
lished in his " Beschreibung eines 
neuen Stereoskopischen Binoculars," 
before venturing to criticise his con- 
clusions too severely. 

The volume is well worth the price 
for which it is sold, and we think all 
our readers would find something to 
interest them in it. The Society 
seems to be in a flourishing condi- 
tion : The Treasurer's report shows a 
" possibly available balance *' of 
$574.56, of which $385.81 was cash 
on hand on August nth, 188 1. There 
are one hundred and fifty members 
on the list. 



Fossil Organisms in Meteorites. 
— Perhaps some readers thought we 
were rather hasty in our recent 
allusion to this subject, but Dr. 
Hahn's published conclusions seemed 
to us to bear upon their face the evi- 
dence either of insufficient or incom- 
petent observation, coupled with a 
vivid imagination. We have since 
made some inquiries as to the opin- 
ions of such eminent authorities as 
Prof. R. P. Whitfield and Dr. J. S. 
Newberry, and we learn that they are 
also sceptical regarding the discovery; 
and Prof. J. Lawrence Smith, who 
certainly ought to know as much 
about meteorites as anybody, has de- 
clared that the nature and compo- 
sition of the minerals preclude the 
possibility of organic remains in them. 
Prof. Hawes declares that Dr. Hahn's 
"imagination has run wild with him." 
Referring to Dr. Hahn's discovery, 
he says: "It reminds one of the 



long and laborious research of a Ger- 
man Professor who found a whole 
flora and fauna, which he named 
with double Latin names, and whicli 
he found in his microscopic examina- 
tion of basalt." 



The Microscopist. — We do not 
intend to occupy much more space in 
these columns in speaking of The 
Microscopist^ but another attack full 
of personalities, in the December 
number of that paper, leads us to 
write a few words. 

We do not usually reply to person- 
alities of that kind, and only allude 
to this last article now for reasons 
that will be obvious. 

Because we have freely criticized 
Prof. Stowell's paper, at first from a 
purely literary stand-point, and have 
plainly stated our opinions, the Edi- 
tor complains that we have not given 
due regard to "journalistic courtesy." 
As regards that, we do not know just 
what the journalistic code of ethics 
may be, but we are fully determined 
that if it lies within, our power to stop 
the free and easy, slipshod style of 
writing — full of slang phrases and 
common-place or vulgar expressions 
— which has crept into the micro- 
scopical literature of this country, 
we intend to do it ; and we are not to 
be restrained in this, by any con- 
siderations of so-called journalistic 
courtesy. We can make due allowance 
for faults of style so long as a writer is 
earnest, but none for the other de- 
fects which are introduced merely 
for effect. 

Prof. Stowell will please observe 
that we did not " ridicule " him for 
calling attention to Dr. Hahn's re- 
puted discovery. We never ridiculed 
any person for an error, much less 
would we for calling attention to a 
reputed discovery. We also invite 
his attention to the fact that the ex- 
pressions," sensational and highly im- 
probable," referred to the story about 
Mr. Darwin, not to the supposed 
discovery of the fossil organisms in 
meteorites. It is strange that he 
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should misunderstand such plain lan- 
guage. 



—The observations of Dr. Sternberg, 
described last month on page 227, were 
made with a i*^-inch homogeneous-im- 
mersion objective, and not by a )<-inch as 
there stated. 

—The Report of the State Board of 
Health, of Michigan, for the year ending 
September 3(Hh, 1880, is a valuable docu- 
ment. It contains much useful informa- 
tion for physicians and persons interested 
in sanitary improvementf* — there are some 
good articles on ventilation, the filtration 
of water, the supply of milk in cities, 
hygiene, and other important subjects. 
It is a volume of 600 pages. 

—The Editors of the Botanical Gazette , 
with the cooperation of Prof. C. P. Barnes, 
have arranged and published a " Catalogue 
of the Phaenogamous and Vascular Cryp- 
togamous Plants of Indiana," which is the 
hrst nearly complete list that has been 
published. It can be obtained from the 
authors at Crawfordsville, Ind. 

-Perhaps most of our readers are 
somewhat familiar with the recent investi- 
gations of Prof. Pringsheim, uppn Chloro- 
pM. in the course of which he studied 
^e action of strong sunlight upon the 
coloring matter, and found that the color 
was thus destroyed. For the prosecution 
of these researches a microscope was re- 
quired especially adapted for studying the 
action of light of great intensity; such 
a stand was constructed by Schmidt 
& Hansch, of Berlin, and is fully described 
>n the Zeitschrift fur Instrumenten" 
^nde. This instrument is two or three 
times larger than the ordinary stands. 
The plane mirror is 160™™ in diameter ; 
it receives light from a heliostat, and re- 
flects it upward through a system of two 
plano-convex lenses 28™™ apart. The 
lower lens ha an aperture of 66™™, and a 
focus of 93™™, the upper an aperture of 
*8.4^ and a focus of 35™™. This ar- 
rangement furnishes an image of the sun 
0.35»m In diameter. Beneath the com- 
hination there is a support for colored 
fluids or glasses, when monochromatic 
^^ght is required, or when the heat-rays 
^ to be absorbed. 

Above the condenser, the stage and the 
body of the microscope are supported on 
a pillar, both sliding up and down by 



rack and pinion movements. There is 
also a description of an ingenious cell for 
studying the effects of different gases, 
used by Prof. Pringsheim. 

— A book on " Practical Microscopy," 
by Mr. George E. Davis, F. R. M. S„ will 
soon be issued in England, and from the 
notice in the Northern Microscopist, of 
which Mr. Davis is Editor, we have reason 
to think it will be a very useful book. A 
fine colored plate in the November num- 
ber of the Northern Microscopist illus- 
trates double-stained sections of wood 
prepared by different processes. This 
plate was prepared as a frontispiece for 
the book. 

— The Detroit Evening News says : — 
" In a lawsuit just tried in York county, 
S. C, a microscopic examination was 
made of the defendant's hair and cuticle 
to determine whether she was of pure 
or mixed blood." 

— Among the microscopic curiosities 
of the time, should be mentioned a work- 
ing steam-engine so small that a thimble 
wul cover it. It weighs about 15 grains, 
the stroke of the piston is ^ of an inch, 
and three drops of water suffice for the 
boiler. It is composed of 140 pieces, 
fastened together by 62 screws. This is 
said to be a product of American ingenui- 
ty and skill — ^but we have not seen it ! 



M1CE08C0PICAI SOCIETIES. 

At a meeting of the Illinois State Micro- 
scopical Society, Prof. T. J. Burrill re- 
counted some of his experiments with the 
poison of the poison-ivy. He took some 
of the exudation and found it teeming 
with bacteria, and he questioned whether 
the poisoning and the bacteria came from 
the plant or from some other source. He 
stated that, upon examination of the wash- 
ings of the leaves, he found the same form, 
the milky fluid which exuded from the 
stem contained numbers of them ; and 
placing some of this upon his arm, led to 
results of a serious nature. He went on 
to say that he had found the foregoing 
facts true with other plants, among which 
he mentioned the chiccory, buckwheat and 
dandelion. 

Dr. Curtis described a new half-incu 
objective made by Gundlach, and ownea 
by Dr. J. HoUist. The objective, it is 
claimed by the maker, has an angle 100**. 
The back lens of the objective is large, 
and extends beyond the border of the 
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opening in the screw. This opening, 
therefore, acts as a diaphragm. In order 
to secure the benefit of the full aperture ; 
the back of the objective can be removed 
and an adapter, furnished with the Butter- 
field broad-gauge screw, can be sub- 
stituted. It has also another screw of 
about the same diameter as the Butter- 
field screw, but provided with a finer 
thread. The front of the objective is 
ground down to a conical shape. For 
ordinary use, this front is covered with 
a brass cap, having an aperture in the 
centre to allow the conical end of the 
object to pass through. The cap can be 
removed when it is desired to use the ob- 
jective for the examination of opaque 
objects. It resolves angulatum very satis- 
factorily, and bears eye-piecing extremely 
well, working admirably on anatomical 
structures. 

- Mr. E. B. Stuart exhibited a Hitchcock 
lamp,* which he stated commended itself 
to the use of microscopists. No chimney 
is required, it being a blast lamp, the 
flame of which is fanned by a current 
of air from the bottom. He also showed 
under the microscope, specimens of the 
gelatin-bromide plates for photographic 
work, that had been submitted by a 
photographer as imperfect. An inspec- 
tion under the microscope showed three 
kinds of spots : one caused by par- 
ticles of dust which had settled oh the 
gelatin, while still soft, and as the emul- 
sion hardened, became firmly fixed on the 
plate. The second kind of spots were 
apparantly caused by the solvent action 
of some substance on the film, as it could 
be seen to be less dense at those points, 
while the third were thicker and evidently 
caused by carelessly spattering the emul- 
sion on partially dried plates. 

The regular monthly meeting of the 
Elmira Society was held November 24th, 
with President Gleason in the chair, and 
twenty-five members and thirty-two visi- 
tors present. 

Dr. Krackowizer spoke extemporaneous- 
ly upon " Histological facts, where to 
look for them, and how to find them." 

He explained cell differentiation from 
the simple protoplasmic unit, to the vast 
and complicated congregation of them in 
the human body. He clearly showed, by 
means of the black-board, the integral 
parts, as well as the entire woof of such 
tissues as the skin, mucous membrane, 
liver, kidney, etc., shovying where their 

* We regret that we cannot lay claim to 
any credit for this patent lamp. — Ed. 



cells resembled each other, and pointing 
out how the observer may_ distinguish 
them. ^ 

A brief colloquial discussion of the sub- 
ject followed, in which Drs. Gleason, 
Carr, Lucy, and the Secretary took part. 

Dr. Geo. E. Blackham, made the ex- 
cellent suggestion that the members of 
local societies should make a complete 
list of the microscopic organisms of this 
locality. 

Dr. Blackham said that the meeting of 
the American Society, in Elmira, next 
August, promised to be the largest, and 
richest in papers, of any yet held. 

Notices of Books. 

The Galvanic Accumulator for Storzng^ 
Dynamical Electricity for Cautery 
and Illuminating Purposes, By Louis 
Elsberg, A. M., M. D., etc., etc. New 
York : Trow's Printing and Bookbind- 
ing Company, 1881. (Pamphlet, pp. 13). 
The title of this pamphlet fully de- 
scribes its contents. An arrangement of 
the Plants secondary battery suitable for 
the purpose of cautery is figured and 
described. The article is a reprint from 
the Transactions of the New York Aca- 
demy of Medicine, 

Exchanges. 

[Exchanges are inserted in this column without 
charge. They will he strictly limited to mounted 
objects, and material for mounting.] 

For a packet of frustules ol Ampkitetras aniedi- 
luviana^ send slide, or unmounted specimen to 

K. M. CUNNINGHAM, 

Box 874, Mobile, Ala. 



A beautiful collection of wild seeds of Central Ohio 
to exchange. List fumisjied on application. 

F. O. JACOBS, Newark, Ohio. 



Mounted slides of Selenites for the Polariscope, in 
most beautiful and brilliant colors, in exchange for 
first-class Histological and PathologicaJ slides and 
slides of diatoms, algae, etc., 

A. C. GOTTSCHALK, 
198 North Salina Street, Syracuse, N. Y. 



Unmounted objects, Foraminifera, Spicules, Plant- 
hairs, Zoophytes, etc., in exchange for other objects, 
mounted or unmounted. 

E. PINCKNEY, Dixon, 111. 



Wanted — First-class mounts of double-stain vege- 
table preparations in exchange for first-class insect 
preparations. H! S. WOODMAN, 

P. O. Box 87, Brooklyn, E. D., N. Y. 



Well-mounted Histological and Pathological slides 
in exchange for other first-class slides. 
W. H. Bates, M.D., 184 Remsen St. Brooklyn, N. Y. 
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The Detection of Adalteratlon 
in Food. 

BY C. U. VORCE, F, R. H. S. 

VI. BUTTER. 

Butter was for a long time regarded 
as one of the very few articles that 
could not be successfully adulterated, 
as it was supposed that any adultera- 
tion would either be perceptible to 
laste or smell, or else would cause this 
lery perishable product to spoil. But 
It the present time butter is as exten- 
awlj' adulterated as any other article 
o! iood. The first well-known and 
suctressful imitation of butter was the 
Bo^ very common oleomargarine, 

'Well, however, cannot rightly be 



Fig. 8.— Butter. 
wiled i|n adulteration of butter, since 
there is no butter in it. Still it is popu- 
wrl)' classed, with the later product 
fiene, as an adulterated or artificial 
wter, and as it competes with pure 
butter in the markets, and is frequent- 
ly sold as pure butter, we will, for the 
purpose of this article, consider it 
uoong the adulterations of butter. 

Pure butter, if fresh and sweet, 
^len examined in a thin film under 
'ne microscope, is found to consist 
entirely of very small globules of oil 
suspended in a limited amount of 
™ar fluid, chiefly water, associated 
*it!i a small amount of very fine 
Pinular matter with which are occa- 



sionally found particles of coloring 
matter. The square crystals of com- 
mon salt are always present usually in 
small, but sometimes in quite large 
crystals, as shown in fig. 3. The clear 
fluid of butter is saturated with salt, 
as may be shown by taking up a little 
butter on a sharp knife-blade and 
wiping the edge across the slide, or 
by using the edge of another slide as 
in spreading a film of blood. The ex- 
tremely slight smear thus made on the 
glass, if examined uncovered, by a 
i-inch objective, will show a crystal- 
line structure (fig. 4), at first clear and 




Fig, 4,— Salt-crystals. 
transparent, but before long gradually 
becoming dendritic and opaque, at 
last showing feathery cystallization as 
the opacity spreads. 

With polariscope and selenite giv- 
ing a blue field, the polarizing action 
is faint, but when the field is darkest, 
afew minute, bright points wil be seen; 
the crystals of salt are of the color of 
the field but with black margins. 
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Only fresh butter should be exam- 
ined for comparison, for butter that 
is oid develops different crystals of 
salt, and becomes strongly active upon 
the polarized ray, owing to the forma- 
tion of acids. In old buitcr, we find the 
field full of branching crystals of salt 
(fig. s), and the cubes of salt instead 



^^1* 




Fig. 0. — Salt-crystals 



of being clean cut with smooth edges, 
are rough and jagged. With the po- 
lariscope atid seleaite, when the field 
is red, innumerable spots and blotches 
of bright blue, many of them of con- 
siderable size, will be seen, and ex- 
tremely minute acicular, colorless 
crystals, with an increased amount of 
the granular matter present. 

If any adulteration has been ef- 
fected, it will be detected by its ap- 
pearance, in addition to the above de- 
scribed characteristics. An excess 
of brine, or salt, is sometimes pur- 
posely added, but unless the excess 
of brine be considerable it is probably 
not a wilful adulteration, but the re- 
sult of imperfect working. 

The chief adulteration of butter 
now practised is undoubtedly the ad- 
mixture of lard, producing the article 
called "suene," and sometimes "but- 
terine." This product, when freshly 
made, is indistinguishable by taste or 
smell from the best pure butter, and 
in cold weather it keeps in this con- 
dition for a considerable time. Deal- 
ers and manufacturers claim to be 
able to distinguish this from pure 
butter by "the grain," as they call it. 
The tryer, when withdrawn from a 
tub of butter, has a " velvety feel " 
and a peculiar soft look, while from 
suene it has a " grainy feel " and look, 
and from oleomargarine a "waxy 
feel" and "greasy" appearance, they 



say. This difference is not readily 
perceptible to a tyro, but is highly 
probable in view of the structure re- 
vealed by the microscope in the sev- 
eral articles. 

Under the microscope with a i -inch 
objective, suene is seen to have a 
spotted appearance, quite dififerent 
from that of pure butter; and the 
darker spots are balls of very fine 
needle-like crystals radiating from a 
central core, resembling miniature 
chestnut burs; these occur singly and 
in clusters, mixed with the oil-glob- 
ules of the butter and with the cubi- 
cal crystals of salt, and some separate 
needle-like crystals (fig. 6). 



i^ 



Fig. 6.— Suene. 

These balls of crystals are marga- 
rine or stearine, and represent the 
quantity of lard present in the sample; 
for pure lard is wholly composed of 
these crystals with a little water. The 
amount of aggregated and free crys- 
tals present, as found by a ^-inch 
objective, therefore gives a nearly ac- 
curate measure of the amount of lard 
in a given sample of suene. 

This adulteration is not, probably, 
injurious to health, but few people 
will relish the idea of buying lard at 
the price of butter; yet in all the large 
cities immense quantities of this su- 
ene are manufactured under various 
names. In Chicago about twenty fac- 
tories are said to be in full operation. 

Lard- crystals polarize beautifully, 
and the lard mixed with butter is 
readily seen when the polariscope is 
used, the balls of crystals showing a 
dark centre with very bright edges, 
and the separate needJes showing 
brightly. 

Oleomargarine, like suene, when 
fresh, closely resembles butter in taste 
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and smell.' Under the microscope it 
also much resembles suene, but the 
balls of crystals seem looser and more 
free needle-shaped crystals are pre- 
sent, there is more granular matter, 
and there are seen fine fibres which 
do not polarize, which are probably 
fibres of connective tissue derived 
from the fat, and salt-crystals are 
present (fig. 7). 




'^m^m 



Fig. 7. — OLEOHfARCARINE. 

There is another adulteration at- 
tributed to the butter dealers, which 
is the mixture of powdered soapstone, 
to increase its weight. It has been 
charged that about six pounds of fine- 
ly powdered soapstone can be mixed 
^ilh fifty pounds of butter without its 
presence being perceptible to the 
taste-indeed, it is claimed that this 
"^palatable soapstone powder (used 
^or foundry facings) has neither taste 
nor smell, and cannot be detected by 
the user — and direct experiment has 
verified the assertion. With the mi- 
croscope, however, such an adultera- 
tion (being 12 per cent.) is readily 
detected, as the soapstone powder is 
coarser than the granular matter of 
the butter, and by melting some of 
the suspected butter in a test-tube 
and examining the sediment, if soap- 
stone is present it will at once be de- 
tected. I have not found this adul- 
teration myself, in butter sold by any 
fetailer, and if practised at all, it 
^s probably in butter packed for ship- 
°ient abroad. Truly, if butter can be 
n^ade half (and often two-thirds) of 
^ard and then 12 per cent, of soap- 
stone added, without the ordinary 
consumer being able to detect it, the 
outlook for those who are particular 
^out their eating is not encouraging. 
'^lU the skilled adulterator succeed 



when he tries his practised hand on 
eggs ? 

o 

Prof. Roger's Micrometers. 

BY J. D. COX, F. R. M. S. 

It is well known that Prof. William 
A. Rogers, of Harvard Observatory, 
has for some years been devoting much 
time, labor and money to perfect- 
ing our means for the accurate and 
scientific comparison and subdivision 
of standards of length. -A machine 
made for him at the Waltham Watch 
Manufactory has been brought, under 
his tireless efforts, to a degree of per- 
fection which would seem to leave 
very little to be desired. Results 
which he has reached in the ruling of 
micrometer plates, are so far superior 
to what has been heretofore done, that 
every one who has occasion for mi- 
crometic work must be interested in 
them, and the scientific world ought 
not to be slow in proving and recog- 
nizing the value of the improvement 
made. 

I have a glass micrometer plate 
ruled by him about a year ago, con- 
taining subdivisions of the inch and 
the centimetre in the following form: 

1 St. a band of five hundred lines rcVir 
inch distant from each other. These 
are finely but rather strongly ruled. 

2 d. This band is continued across the 
plate to the right by five hundred more 
lines of the same spacing, but ruled 
very lightly and delicately. 3d. Be- 
neath band No. i, is another of the 
same spacing ruled very lightly like 
No. 2. 4th. This last is continued 
across the plate by one ruled more 
strongly, like No. i. 5 th. Under No. 

3 is a band of five hundred lines, one- 
thousandth of a centimetre apart, 
strongly ruled, and this is followed by 
a sixth, seventh and eight band in the 
same relation to this that Nos. 2, 3 and 

4 are to No. i and with alternation of 
the strong and light ruling. 

The whole plate is thus a sort of 
checker-board of alternating parallelo- 
grams strongly and lightly ruled, of 
which the upper four are subdivisions 
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of the inch, and the lower four sub- 
divisions of the. centimetre, there be- 
ing four thousand lines ruled on the 
whole plate within a space four-tenths 
of an inch long and wide. The left- 
hand lines of the whole plate are 
made to coincide, so that a direct 
comparison may be made under the 
microscope, not only of the subdi- 
visions of the inch with each other, 
but of the subdivisions of the inch 
with those of the centimetre. To fa- 
cilitate this, the fifth and tenth lines 
of the inch-divisions are made longer 
and extend into the centimetre band 
a little way, so that the gain of the 
inch-divsions is seen in the regu- 
lar way in which the fifth and tenth 
lines cut further into the centimetre 
spaces, gaining one whole division 
in 62}4. 

The first line of the fourth band of the 
inch divisions being continued down- 
ward as above described, is found ap- 
parently to coincide with the eighth 
line of the second band of the centime- 
tre divisions (or the ninth, if the last 
line of the first band is counted as the 
first line of the second), and five hun- 
dred of the subdivisions of the inch 
are equal to five hundred and eight 
of those of the centimetres. In other 
terms i // = -y|-jr-in., or the centime- 
tre will be .3937008-in, 

Since making the examination of 
the plate, I am informed by Profes- 
sor Rogers that the comparative value 
of the yard and metre which he used in 
ruling this plate was Kater's, viz. : 39 
.37079. This is the same as the ratio 
given by Beale (" How to Work with 
the Microscope") as the English statu- 
tory relation. Prof. Rogers has since 
ruled other plates with the Chisholm 
ratio, viz. : 39.37112, and is working 
upon an independent comparison of 
the English and French official stand- 
ards. 

Taking the Kater ratio which the 
professor used in making the plate, 
it will be found by computation 
that if we divide .2-inch by 507.995 
we shall get the centimetre value 
.3937046; and if we divide the .^- 



inch by the Kater ratio, 3937079 we 
shall get the number of spaces 507 
990+. It is thus shown that the ap- 
parent equality upon the plate of 508 
of the centimetre spaces with 500 of 
the inch-divisions, cannot be out of 
the way by one-hundredth of one of 
the divisions; but as these divisions 
are nW inch, the maximum differ- 
ence is one two-hundred and fifty- 
thousandth of an inch. As the space 
between the striae of a fine Amphi- 
pleura pellucida is a hundred-thous- 
andth of an inch, and the 19th band 
of Nobert's plates is but little closer, 
it needs no further proof that the ap- 
parent coincidence of the lines de- 
scribed above cannot be distinguished 
from complete coincidence by any 
objectives made, and we are unable 
to prove that Prof. Rogers has not 
exactly transferred to the plate the 
ratio between the centimetre and the 
inch. 

Let us now take a general view of 
the plate itself. If we begin at one 
end of the bands in juxtaposition and 
go carefully through it, we cannot fail 
to be struck with the great evenness 
of the gain of the inch-divisions upon 
those of the centimetre. The more 
accustomed one is to the comparison 
of micrometer divisions, the more 
lively will be his surprise and plea- 
sure at finding that in all these five 
hundred spaces thus compared there 
is no visible mark of inequality. I 
have never seen any other ruling 
which would stand even this test of 
the direct comparison of such bands 
of striae ruled at different times and 
by a different, though related, scale. 

But, of course, the final and only 
strict test for the microscopist is the 
actual measurement of the spaces by 
means of camera, of eye-piece micro- 
meter, or by photography. By means 
of the Jackson eye-piece micrometer 
I have made a comparison of this 
plate with two stage-micrometers of 
standard European make. Of these 
one is known by a series of experi- 
ments made in the Coast Survey 
Office, to be made with a screw giv- 
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ing the divisions about two per cent. 
too large, but the divisions are excep- 
tionally even, as micrometer ruling 
goes. The other has the average 
length of the divisions nearly accu- 
rate, but they are of inferior evenness. 

The power used in examining them 
was about 450 diameters, as the 
coarseness of the lines in the ordin- 
ary micrometers was such that with 
greater magnification the liability to 
error in judging when the hair-line 
of the eye-piece was in the middle of 
the stage-micrometer line was more 
than an offset to the advantages. 
With Prof. Rogers' plate a higher 
power could be made useful, because 
the lines themselves are finer. 

The following is the result of a 
series of average evenness of results 
out of a number made with each mi- 
crometer. . 

hundredths of an inch — Plate No, i. 

Space- 18 8456789 

Measure-45 44.8 45.8 45.4 45.1 45 45.8 45.4 45.1 

10 11 12 18 14 16 16 17 18 19 90 

« 45.3 46.5 45 45 45.8 45.4 45.8 45 45.1 45.5 

Plate No. 2, 

1 J 8 4 5 6 7 8 9 10 

tf &7 45.7 46 45.7 45.6 46 45.8 46 45.6 

Rogers* Plate, — The measurements 
w'ere 45 throughout twenty spaces 
vith no appreciable variation. This 
was the more striking, because as the 
niling was to jg^o^-inch, the alternate 
five and ten space long lines were 
necessarily the boundaries of hun- 
dredths, and there was no special rul- 
ing of hundredth spaces on the plate. 

Thousandths of an inch — Plate No, i, 

,^, 2 8 4 5 6 7 8 9 10 
^ 4.5 4.6 4.5 4.6 4.5 4.6 4.5 4.6 4.6 

Plate No. 2. 

/. 8 8 4 5 6 7 8 9 10 
*-6 4.5 4.5 4.6 4.7 4.75 4.6 4.7 4.6 4.6 

Rogers' Plate. — As there were no 
spaces of .ooi-inch first, I took the least 
number of spaces that would make 
even divisions of the eye-piece 
micrometer. As the test was only 
for evenness, and not for absolute 
measurenaent, I was not careful to 
take the identical magnification, and 
shortened the tube to accommodate 
niore readily the divisions of the eye- 



piece to those on the stage. I thus 
made twenty divisions of the ocular, 
equivalent to seven of the plate. 
Twenty successive tests of this meas- 
ure applied to twenty different groups 
of seven spaces each, showed no vari- 
ation whatever. The value of the 
thousandth was thus made, .357 
throughout. 

Next, I examined separately twenty 
single spaces, each i^^og-inch, with a 
higher power (one-tenth objective). 
These were taken at irregular inter- 
I vals across the plate, and brought suc- 
cessively to the same line in the eye- 
piece, the tube being adjusted till 
the Arst was as exactly as possible 
equal to six spaces in the ocular. 
The plate stood the last test quite as 
well as before, each division precisely 
filling the measure applied to it, and 
being magnified 750 times. 

Of course it would not do to say 
that there are absolutely no inequali- 
ties in the spacing, but only that were 
none measurable by the means em- 
ployed, and that by whatever means 
the divisions were measured, their 
regularity and equality were some- 
thing unparalleled in my experience. 

It is true also that the above gives 
no test of the absolute accord of the 
divisions with the standard inch or 
centimetre. For that we must trust 
Prof. Rogers* methods till some very 
elaborate tests can be applied. But 
it certainly shows both that the rela- 
tion of the fractional inch to the cen- 
timetre is exactly reproduced in the 
plate, and that the subdivisions are 
equal to each other within inappreci- 
able limits. 

In the measurements I was of 
course careful to use always the same 
subdivisions of the eye-piece micro- 
meter, so that no errors in its ruling 
might mingle with the results. Simi- 
lar tests applied to a plate ruled more 
recently by Prof. Rogers produced 
similar results, showing that the 
acccuracy of the first is not excep- 
tional, but is only a fair sample of the 
ruling the Professor is able to do 
with his new machine. 
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Immersion Flaids. 

[Dr. Henri Van Heurck has com- 
municated to the " Soci^t^ Beige de 
Microscopie " an article on the for- 
mulae of new liquids for homogene- 
ous-immersion objectives, the follow- 
ing summary of which has been pre- 
pared from the Bulletin des Stances, 
—Ed.] 

Personally, we have been able to 
appreciate, perhaps better than 
others, the importance of homogene- 
ous-immersion objectives, for it is by 
their use that the numerous drawings 
• of the Synopsis des diatotnies de Bel- 
gique have be^n completed in a rela- 
tively short time. When we think of 
the trouble which the employment of 
monochromatic light occasions, of the 
frequent interruptions of work neces- 
sitated by the absence of sunlight, we 
cannot sufficiently congratulate our- 
selves because of this happy discov- 
ery, which has enabled us to advance 
the publication of our work, perhaps 
by several years, of which all the 
drawings, both Mr. Grunow*s and 
our own, have been made with the 
aid of objectives of this new system. 

At first homogeneous-immersion 
objectives were constructed without 
collar-adjustment. Is this well ?, At 
one time we believed so, but after 
having used for a short time a ^ 
homogeneous-immersion, by ToUes, 
with adjustment, we have changed 
our opinion, and found that the cor- 
rection renders great service in cer- 
tain cases ; for example, when the ob- 
jective is to be used on microscopes 
having tubes of different lengths, 
which is sometimes necessary, as in 
the case when one has to make draw- 
ings of a definite magnification, and 
also when the index of refraction of 
the immersion fluid slightly changes 
by extremes of heat or cold, or from 
other causes. 

The oil of cedar, proposed as the 
best immersion fluid, has the disad- 
vantage to dissolve the varnish, and its 
fluidity makes it inconvenient to use. 

Prof. Abbe has examined 300 sub- 



stances without finding one better 
than oil of cedar. The researches re- 
corded here were conducted by the 
aid of Prof. Abbe's refractometre, and 
have finally been crowned with suc- 
cess ; since we now know a consider- 
able number of substances which may 
be advantageously employed. The 
necessary conditions are : — 

1. A suitable index of refraction. 
This index, for objectives now made, 
is about 1.5 10. The crown-glass, of 
which the cover- glass and the front 
lenses of the objectives are made, has 
an index from 1.5 10 to 1.520, meas- 
ured by the F line of the spectrum. 

2. A dispersive power near as pos- 
sible to that of crown, which is about 
.0060 measured between the lines D 
and F. 

3. It must not be excessively fluid. 

4. It must not attack the varnish of 
the cells. 

In this note we give the results oi 
our researches, but first we pass in re- 
view the liquids heretofore proposed. 

These liquids may be divided into 
two classes : — 

1. Solutions of chemical products. 

2. Vegetable substances. 

All the substances proposed up to 
the present time are solutions of salts 
in glycerin. The best of these liquids 
is Bassett's fluid, which is prepared 
by dissolving crystals of chloral hy- 
drate in glycerin. The principle in- 
convenience of Bassett's fluid is its 
action upon the varnish and especi- 
ally shellac. This liquid has been al- 
most discarded. The other solutions 
are :. — 

Cadmium chloride in glycerin ; in- 
dex 1.504. 

Zincic iodide in glycerin ; index 
1.507. dispersion 0.0080. 

Zinc sulphocarbolate in glycerin ; 
index 1.500. 

Finally, distilled zincic chloride 
has been proposed, but this is a dif- 
ficult substance to manage. 

Among the vegetable substances 
proposed up to the present time we 
have : — 

Oil of cedar, formed by the distilla- 



1882.] 



MICROSCOPICAL JOURAL. 



27 



ixonoi Juniperis Virgimana, It has an 
index of refraction varying from 1.505 
to 1.507. Its dispersion is 0.0073. I^ 
has been lately attempted to over- 
come the objection to the essence of 
cedar, its excessive fluidity, by dis- 
solving in it some damar, which at 
the same time permits its index of re- 
fraction to be raised to 1.520.* 

Essence of copaiba has the same 
index of refraction as the oil of cedar, 
and is somewhat less fluid. It is, 
therefore, an excellent substitute for 
the latter. This essence is not fur- 
nished by the true copaiba, but comes 
from the distillation of Indian copai- 
ba, yielded by different species of 
Diptrocarpus, 

Our first researches were directed 
among the chemical substances, but 
they led to no important results. We 
then turned our attention to the na- 
tural, vegetable products, and the re- 
sult has been favorable. The oleo- 
resins, the resins and the gum-resins 
of the Terebinthacae, having yielded 
tkbest results. 
The balsam of copaiba, already 

mentioned, has an index of 1.509. It 
h tflerefore, preferable, owing to its 
wscosity and its higher index, to the 
essence of the same product. The 
gum-resin olibanum (yielded by sev- 
eral Boswellia of eastern Africa), 
commonly named incense, partly dis- 
solves in essence of cedar, giving a 
quite a thick liquid, of which the index 
of refraction is 1.5 10 and the disper- 
sive power is 0.0677. 

To prepare this liquid the pure 
drops of olibanum are finely pulver- 
ized, and the powder obtained mixed 
with an equal volume of oil of cedar 
and heated on a water-bath for two 
or three hours. Allow the liquid to 
stand, and when clear decant the su- 
pematent fluid. 

The resin of Manilla, the botanical 

* • 

ongm of which is uncertain, dis- 

* Prof. Abbe has lately mentioned an ex- 
cellent liquid, which is obtained by dissolving 
dairar in oil of cedar until an index of 1.520 
IS obtained and which can be brought back to 
1.509 by an addition of castor oil. 



solves readily in oil of cedar, and thus 
furnishes liquids of which, according 
to the proportions of the substances 
employed, the index may be made to 
rise from 1.5 10 to 1.520, with a dis- 
persive power of 0.0076. By adding 
castor oil to the solution a suitable 
liquid is obtained, having an index 
of 1.508 and a dispersive power of 
0.0073. But this solution seems to us 
less useful than the solution of oli- 
banum, because it is slightly sticky. 

The resin of Brazil,* and the white, 
oily tacamaque of Guibourt give 
equally good solutions with oil of 
cedar. By dissolving the tacamaque 
in the oil, a liquid having an index of 
1.5 19 and a dispersive power of 
0.0074 is obtained. By adding to the 
solution castor oil in suitable quantity, 
the index descends to 1.508 and the 
dispersion to 0.0072. 

To prepare the solution, dissolve, 
on a water bath, 20 parts by weight 
of the resin in 22 parts of the oil of 
cedar, and add 14 parts of castor oil. 
According to Prof. Abbe, this 
solution, and that of damar in oil 
of cedar, are the best ones known for 
homogeneous-immersion objectives. 

An authentic specimen cf Chinese 
varnish, but already possessing sap of 
Rhus verniy L., brought from China 
by Perrottet, has an index of 1.527. 
This oleo-resin mixes perfectly with 
the essence of cedar, giving solutions 
which may be employed. The tur- 
pentine of Scio is furnished by the 
Pistacia terebinthus. We have found 
1.535 as the index of refraction of a 
sample of old and pasty resin, from 
the collection of Guibourt. It dis- 
solves in oil of cedar and may give a 
liquid of the desired index. 

Copaiba is furnished by Copaifera 
officinalis^ L. That found in com- 
merce at Antwerp, and which appears 
to be the true copaiba of Maracaibo, 
is of a clear brown color, and has an 
index of 1.5 19, and an authentic 
specimen, from Guibourt, of copaiba 
of Para has only an index of 

* Resin of Fagara octandra. 
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1.506. Copaiba dissolves perfectly in 
oil of cedar, and gives a liquid of the 
index desired. Another liquid is also 
obtained of an index of 1.5 10 and of 
a dispersive power 0.0076, by dissolv- 
ing, with heat 7 parts of white vasel- 
ine in 30 parts of copaiba. One 
thus obtains a very thick liquid re- 
maining where it is placed and not 
acting upon asphalt nor shellac var- 
nish in twenty-four hours' contact. If 
this liquid is too thick it may be 
thinned by adding a quantity of the 
solution of copaiba in oil of cedar. 
This liquid gives good images with 
axial illumination, and shows per- 
fectly the most minute details of dia- 
toms with oblique light. 



The Phenomena of Growth 

among the Microscopic 

Forms of Life.* 

I do not come before you this even- 
ing to discuss any of the problems 
which lead us beyond the pale of di- 
rect observation into the realms of 
speculative thought. Although our 
subject carries us to the dim border- 
land of life — where it is not only im- 
possible to distinguish plants from 
animals, but where even the transition 
from the inanimate to the living, the 
inorganic to the organic, is imper- 
ceptible, — yet I will not ask you to fol- 
low me in any presumptuous efforts 
to bridge, even in imagination, the nar- 
row chasm which separates the one 
from the other. It will suffice for our 
purpose to know that the smallest 
particle of matter that the microscope 
can reveal, — and others even too 
small to be defined by the best micro- 
scopes known, smaller than the 
length of an undulation of light, 
may possess all the attributes of life. 
We know that such particles live be- 
cause they move and grow and multi- 
ply. They possess, therefore, a cer- 
tain organization which distinguishes 

* Address of the retiring President of the 
New York Microscopical Society, delivered 
at the Annual Reception, Friday evening, 
February 8d, 1882. 



them from non-living matter. How- 
ever, the use of the word organization, 
in this connection, has occasionally 
given rise to misconceptions, for none 
of the simplest forms of life are or- 
ganized in the sense of having mus- 
cles, nerves, vessels, or any differentia- 
tion of parts for special functions. 
Thus, we may find a simple spherical 
mass of jelly, absolutely without a 
trace of visible structure, manifesting 
all the phenomena of life. Therefore, 
organization, in this sense, does not 
mean visible structure, but it relates 
to the arrangement of the atoms and 
molecules which compose the living 
matter. 

A brief reference to the minute 
animal known as the amoeba will 
serve as an introduction to the sub- 
ject before us. The amoeba consists 
principally of a transparent, clear, or 
granular mass of irregular shape, rang- 
ing in size from if^ down to tjtjVit o^ ^.n 
inch, or even smaller, resembling jelly, 
which is known as bioplasm, or pro- 
toplasm — the physical basis of life. 
Within the protoplasmic mass a more 
dense, circular structure is sometimes 
found, which is termed the nucleus, 
the special function of which is still 
a matter of investigation. The ex- 
ternal layer of the protoplasm is some- 
what more dense than the rest, but it 
does not constitute a distinct mem- 
brane or cell- wall, such as we find in 
more highly developed organisms. 

If we conceive of the amoeba en- 
closed within a membrane giving a 
spherical shape to the organism, we 
have the idea of a true cell, which 
is regarded as the life-unit in both the 
great kingdoms. It is by the assimila- 
tive powers of cells that growth takes 
place, and by their division all struc- 
tural development proceeds. A typi- 
cal cell consists of protoplasm and 
nucleus within a membrane known as 
the cell-wall. However, the life of 
the cell resides in the bioplasm. It is 
the semi-fluid contents and the 
nucleus of the cell that lives 
— all the rest is dead matter. It 
seems absurd then, to regard the 
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limiting membrane, the cell-wall, as 
an essential element in the ultimate 
life-unit Even in cell-multiplication 
by the ordinary process of division, 
the wall takes no part, for within the 
parent cell it is the protoplasm that di- 
vides into two or more parts, begin- 
ning with the nucleus. A constriction 
forms in a certain plane, and new 
cell-walls are secreted by the two 
masses of living matter. As the cells 
increase in size the original mem- 
brane must give way or disappear. 
But it may still be said that the phy- 
siological unit of life is the cell; for, 
although naked bioplasm may live, 
assimilate food and grow, no differ- 
entiation of parts can result until 
there is some product, a secretion, a 
cell-wall or limiting membrane, to 
give form and structure to the primal 
elements of growth. 

The living jelly, so readily studied 
in the amceba, seems to be identical 
with the protoplasm of every animal 
and plant from the highest and most 
complex down to the lowest and sim- 
plest. 

Let us, therefore, examine this pro- 
toplasm more carefully. As the amce- 
ba moves, one portion of the body is 
projected forward, and the less dense 
protoplasm within begins to flow in 
the direction of the projection, like 
so much water, carrying with it the 
spherical granules which are usually 
abundant in the body. 

The amoeba has no mouth, but 
when a digestible morsel is found the 
body simply flows around and en- 
velopes it, and the process of assimi- 
lation immediately begins ; the indi- 
gestible portions are allowed to es- 
cape from any part of the surface of 
the body. Hence, it appears that pro- 
toplasm has the power of assimilat- 
ing solid food and converting it into 
living matter, which is the process of 
growth. When the amceba attains a 
certain size, a constriction forms 
across the body, or gradually deepens 
until the animal becomes divided in- 
to two parts, which finally separate 
and move away as independent indi- 
viduals. 



This simple process of propagation is 
typical of what takes place throughout 
the living world. Among the simplest 
forms of life it serves for the multi- 
plication of individuals, but as we as- 
cend the scale the process of repro- 
duction becomes more complex, and 
division of the constituent cells be- 
comes a process of growth rather 
than of reproduction. We may, in- 
deed, regard the human body as an 
assemblage of units, each of which 
multiplies by division, like the simple 
amceba, and thus contributes to the 
repair of waste in the tissues. The 
process begins in the germinal cell, 
and by its continuance the complex 
organs of the body are evolved, ac- 
cording to some inscrutable law. The 
reproductive process of the amoeba, 
therefore, typifies the growth of high- 
er organisms ; for Jhe first considera- 
ble advance in structural evolution is 
in the production of a more complex 
organism by the division of cells, the 
progeny of which, instead of separat- 
ing from the parent-cells as new indi- 
viduals, remain as integral and inter- 
dependent parts of one organism, 
each cell, or group of cells, having 
specific functions in the economy of 
the animal or plant. 

Among the green, confervoid algse 
of ponds and ditches are found many 
plants which consist of a series of 
cells attached end to end, forming 
filaments. These plants are termed 
multicellular, to distinguish them 
from the unicellular species, and they 
are classed higher in the scale of or- 
ganization. But complexity of struc- 
ture, as thus manifested, is not, so far 
as my judgement permits me to ob- 
serve, an indication of a higher stage 
of cell-life ; for each cell of the fila- 
ments is complete and independent 
of all the others. There is no physiolo- 
gical bond connecting them, as in the 
higher plants, but each one carries on 
an independent existence, and is not 
killed if its fellows are destroyed. 
Between the filamentous plants and 
the strictly unicellular forms which 
consist of spherical, green cells, living 
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separately, we find a succession of in- 
termediate forms in which the cells 
are bound together by a more or less 
firm mucous, or gelatinous substance, 
some in layers of indefinite extent 
and arrangement, others in well- 
defined families. But however they 
may be related, each cell, so 
far at least as its merely vegetative 
functions are concerned, is quite 
independent of the others, for it pos- 
sesses within itself all the powers ne- 
cessary for its existence as a living 
organism. In other words, these plants 
belong to such a low stage of life, 
that there is no distinction between 
the cells, such as we find in higher 
plants where certain cells contribute 
to the formation of tissues, others 
convey the nutrient sap, and still 
others produce the organs of re- 
production, the pistil and stamens. 
It follows that in such low plants we 
must look for all the phenomena of 
growth and reproduction in each cell 
— each cell is, in fact, a perfect plant. 
Hence, no classification of these 
plants based upon their manner of 
growth, can be regarded as quite sat- 
isfactory to the scientific student. 
The tendency now is to base all clas- 
sification upon the methods of repro- 
duction, which, being the ultimate 
process in the life of every organism, 
characterize its mature stage and in- 
dicate the point at w^ich its develop- 
ment was arrested in the course of its 
evolution. 

Complication of structure results 
from cell-division, but it is necessary 
to observe that all cases of cell-divi- 
sion do not lead to structural com- 
plexity ; for in the case of strictly 
unicellular protophytes or protozoa, 
the production of new cells or gem- 
mae, within the parent, leads to what 
seems to be a multicellular stage. But 
each new cell produced under such 
circumstances is, physiologically and 
anatomically, an independent indi- 
vidual, in no wise dependent upon 
the others for support, but capable of 
separate existence. Hence, the multi- 
cellular condition, when it thus oc- 



curs among the strictly unicellular 
organisms, is in no wise a higher con- 
dition of organization, but only a tem- 
porary phase brought about for a 
special end. It is only when the mul- 
tiplication of cells is a phenomenon 
of growth and the resulting cells 
form constituent parts of the organ- 
ism, that there is any advance in 
structure. This is the case in an 
ovum which, by repeated cell-divi- 
sion, produces a morula. 

Carrying the ideas embodied in 
this view one step further, it 
should also be observed that 
while the cell, in a physiological 
sense, can be justly regarded as the 
typical unit from which all living 
forms are derived, as taught by the 
generally accepted cell-doctrine, yet 
the student of the lower forms of life 
cannot fail to observe that all the 
structures to be found in protophytes 
or protozoa, as well as many 
found in the higher planes of ex- 
istence, do not result from cell-divi- 
sion — that many of the appendages 
such as carapaces, flagella, cilia pe- 
duncles, etc., result from processes 
of growth, or secretion, without cell- 
division. 

The dictum that has so long been 
taught by physiologists that all struc- 
tures originate in cells, cannot longer 
stand. 

The most complex cell is a ciliated 
infusorian, and in these animals there 
are many structures which must be 
regarded as true secretions of the 
cell, not produced by cell-division, 
as usually taught. 

Sometimes on an old decaying log 
by a brook along the road, or half 
buried in forest soil where it is al- 
ways moist, there will be found mass- 
es of a soft, jelly-like substance. This, 
when examined with a microscope, 
may be seen to move. It is a mass of 
living jelly. Is it an animal or a plant? 
This question has puzzled the micro- 
scopists for years, and even now they 
are not all agreed as to the affinities 
of the myxomycetes, as they are 
called. SaviUe Kent, one of Eng- 
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land's most eminent authors, believes 
in their animal nature, but they are 
usually claimed by the botanists, and 
it is not unlikely that they will yet be 
identified as a stage in the life-history 
of certain fungi. But the mere fact 
that there is still ground for a differ- 
ence of opinion regarding their ani- 
mal or vegetal nature proves that 
the two kingdoms run very close 
together. A manifestation of plant- 
life that has been the source of much 
confusion is the motile stage, which 
comes into the life-history of many 
of the algae, serving as a means of 
propagation. The contents of certain 
cells become changed into one or 
more swarm-spores as they are called, 
which consist of minute, green, spheri- 
cal or oval, protoplasmic masses pro- 
vided with one or more hair-like ap- 
pendages which, lashing constantly in 
the water, cause the organisms to 
swim about. One morning I sat down 
to examine, with the microscope, 
some algas from a collection of the 
previous day. Among them I found 
^ome long, cylindrical filaments com- 
posed of a series of short cells, about 
^ long as broad, joined end to end, 
and filled with bright-green contents. 
In some of these filaments the green 
contents of each cell had collected 
into a ball which was moving rest- 
lessly. In a few moments the mem- 
brane that confined them ruptured 
on the side, and allowed the 
moving masses to escape. One by 
one, in rapid succession, the little balls, 
only about W»v in diameter, were 
set free, and they moved away rapidly. 
They were the swarm-spores of the 
plant Ulothrix, and upon close in- 
spection each one was seen to be pro- 
vided with two very slender filaments 
springing from one end of the slight- 
ly elongated mass, two or three times 
longer than the body, and so fine 
that they only became visible when 
greatly magnified and carefully illu- 
minated. By the constant lashing of 
these delicate appendages the swarm- 
. spores moved about in the water. 
This process of propagation is quite 



common among the cryptogamic 
plants. After the swarm-spores are set 
free, they swim about for a short time, 
then become attached to something 
and begin to vegetate, forming a new 
plant like the parent. I remember 
watching, for the greater part of a 
night, the formation of swarm- 
spores in the cells of the beautiful Spi- 
rogyra^ an alga which is very common 
in the early spring in roadside ditches 
and ponds. A large number formed 
in each cell of the Spirogyra^ and 
for a considerable time moved about 
in their confinement very actively. At 
last an opening formed in the cell- 
well through which the active spores 
slowly made their way, just as an In- 
dia-rubber ball might be forced 
through an opening smaller than its 
diameter. Once free they were soon 
lost sight of. 

These swarm-spores are simply 
masses of protoplasm, colored green 
by chlorophyll, the coloring matter of 
the vegetable kingdom, which have a 
scarcely perceptible enveloping mem- 
brane, with the two or more hair-like, 
lashing filaments. They do not as- 
similate food, but pass an ephemeral 
existence swimming through the wa- 
ter, finally becoming attached to some- 
thing when they begin to grow into 
new plants. They serve to propagate 
the species of the plants from which 
they spring. Yet, although so utterly 
devoid of organization, they are sen- 
sitive to the influence of light, and in 
the mother-cell they seem to mature 
at certain hours of the day, which 
vary with different species. Place 
the algae in a shallow dish, and the 
spores will be set free in a greenish 
cloud which slowly makes its way to- 
ward the window, and finally forms a 
green border around the dish on the 
side nearest the light. 

In these processes we have seen no 
indication of any distinction between 
the different cells, such as would lead 
to the inference that one is a male-cell 
and the other a female. But the hom- 
ology of nature seems to require that 
there should be such a distinction some 
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time in the life-history of even the 
simplest plants; for only by the union 
of opposite elements can the vegets^- 
tive life be maintained. We can hard- 
ly suppose that a single cell could give 
rise to an unlimited progeny by divi- 
sion continued indefinitely. The vi- 
tality of the later generations would 
finally be exhausted, and the species 
could then only be maintained by 
some kind of sexual union which re- 
news and vivifies. But while we say 
this, it should be understood that the 
characteristics of the male and female 
elements of plants and animals are 
not known. Conjugation signifies the 
union of these two elements, but in 
the lowest stages of life no difference 
can be distinguished between them. 
It is even doubtful if they possess 
any distinguishing characters, for 
when any two particles of protoplasm 
come together and coalesce, we call 
it true conjugation; and the living 
contents of a single cell may separate 
into two parts, one part passing to 
one end and the rest to the other end 
of the cell, after which the two por- 
tions may again unite and form a 
spore. 

Passing a step higher in the scale, 
we find many plants that conjugate 
by the union of the cells of two fila- 
ments and the intermingling of their 
protoplasm results in the forma- 
tion of a spore, from which 
new plants develop. This is the 
case with all the family Zygnemaceae, 
the fruit of which is called a 
zygospore. As an example of this 
interesting process, we may choose a 
species of Spirogyra, a filamentous 
alga common in our roadside ditches, 
which has received its name from the 
spiral arrangement of the coloring 
matter within the cells. When the 
time of conjugation arrives, the cell- 
contents lose their regular arrange- 
ment, and finally two filaments, lying 
side by side, will send out short ex- 
tensions which gradually approach 
each other, unite by their ends, after 
which, by the dissolution of the ter- 
minal partition, there will soon be 



formed tubular passages from the cells 
of one filament to those of the other, 
and the two plants will be united as 
by the rounds of a ladder. Then all 
the protoplasm of the cells of one 
filament fiows into the cells of the 
other and there forms a spherical 
mass, enclosed within a rather thick 
wall, called the zygospore. The origi- 
nal cell-walls then decay, the spores 
ripen and from each of them a new 
plant like the parent form will spring. 
Watching them under the micro- 
scope from day to day, spiral bands 
will be seen forming in the interior 
green mass. In due time the outer 
covering breaks, and the young plants 
appear as oval cells with bright-green 
spiral bands of chlorophyll, which 
slowly elongate, divide and produce 
new filaments. 

We have no time this evening to 
indicate the important role which 
the most minute living creatures play 
in the world ; but, owing to the inter- 
est now taken in sanitary questions, 
it seems advisable to briefly refer to 
those minute plants known as bac- 
teria, which are supposed to be the 
active agents in the production and 
spread of contagious diseases. 

It has been found that in the blood 
of men and animals suffering from 
certain disorders, of a more or less 
fatal and contagious character, there 
are numerous rod-like or spherical 
particles, which are the bacteria. By 
cultivating these organisms in suita- 
ble fluids, such as milk, extract of 
meat, chicken broth, etc., they can 
be made to propagate rapidly, and 
the progeny, after many generations, 
will still possess the power of 
producing the disease when 
introduced into the blood of a 
healthy animal. But it has also 
been discovered that by cultivating 
the same virulent bacteria in a certain 
way, they can be so changed in their 
action upon the system that they will 
no longer produce the disease in its 
original severity, but give rise, by in- 
oculation, to a modified form of the 
same disease which is mild, not in the 



1882.J 



MICROSCOPICAL JOURNAL. 



38 



least dangerous, and only local in its 
external manifestations. Yet this mild- 
er form of the disease is a protection 
against the more malignant type. 
Upon this fact depends the efficiency 
of vaccination. The disease produced 
by vaccination is a mild form of 
small-pox. The results of recent in- 
vestigations leave no reasonable doubt 
of the protective influence of vaccin- 
ation, and, while there are always a 
few headstrong and conservative in- 
dividuals in every profession, it is 
not strange that there should still be 
a very limited number of physicians 
who oppose vaccination as a useless 
proceeding. But there are not two sides 
to this question^ and it must be the 
opinion of every person who will 
study the subject with care, that the 
welfare of the community requires 
that vaccination should be made 
compulsory. 

Upon every leaf and flower, in the 
air and in the water, from the regions 
of eternal snow down to the bottom 
of the deepest seas, the simplest 
foims of life are found. Among these, 

wherever they may be, the struggle 
^OT existence is incessant^ and one 
his only to make use of a microscope 
to see the fight in progress — battles 
which, in miniature, portray the great- 
er conquests of beasts and men which 
have resulted in the present condition 
of development. 

Within the microcosm of a single 
drop of stagnant water, may be found 
myriads of living forms of curious 
shapes and strange habits, all mani- 
festing the powers of growth and re- 
production in the simplest form. 
Higher in the scale the processes of 
^ife become more complex, gradually, 
as development proceeds, we see 
a differentiation of the cellular 
structures, so that cells subserving 
special purposes become distinct from 
the others, and this distinction be- 
comes more and more defined as we 
go still higher, until finally the speci- 
alization of function results in the 
perfection of each organ for its work, 
and in the mutual interdependence of 



the parts which constitute the perfect 
whole. It is this specialization and 
adaptation that marks the essential 
distinction between the simple and the 
complex forms of life. It is a striking 
thought that all the functions of the 
human body have their counterpart 
in the structureless amoeba. Yet it is 
more than a suggestion of fancy, since 
biology teaches that the development 
of all forms i s a result of the division and 
the gradual differentiation of simple 
cells. The changes in the forms of 
animals, which have been gradually 
brought about in the struggle for ex- 
istence, the adaptation to surrounding 
circumstances and the survival of those 
best fitted to withstand the conditions 
about them, have progressed through 
unnumbered centuries, until the ex- 
isting forms of life have become what 
we find them. As the geologist reads 
the story of the world's long history 
on the leaves of solid rock, and there 
finds the record of its gradual evolu- 
tion, through sudden catastrophes or 
the more slow and steady action of 
other influences still at work, wearing 
down the mountains and tilling seas 
and valleys, so the embryologist 
can trace the results of the environ- 
ments of centuries in the animals 
of to-day. For all the changes 
of form which have resulted in 
the perfect animal as it has 
slowly developed and been modified 
by external conditions, have left 
their records upon the germ, so 
that all the great features of its past 
history are revealed in the course of 
its embryological development. The 
modifications which were only brought 
about through the changes of the ge- 
ologic ages, are again passed through 
in embryonic life, in the course of 
hours or days. This potency of life 
must first be latent in the microscopic 
germ — the single cell from which 
all living creatures spring — and 
while in the beginning these seem to 
be all alike, while many of them 
proceed in parallel lines as they de- 
velop, yet each one with a strange 
certainty, reproduces its parent form. 
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The biologist no longer directs his 
efforts to the discovery of the essen- 
tial nature of life. He may indulge 
in fruitless speculations, which, 
as in the most distant past, still 
possess a fascination, and lend an un- 
definable charm to the imagination 
when it is free to overstep the bounds 
of finite knowledge and conjure up 
strange fancies of those mysteries 
which only an infinite mind can com- 
prehend. But in his investigations 
he recognizes a limit beyond which 
he cannot go. His ultimate aim is 
not to discover life itself, but to learn 
as much as possible of its manifesta- 
tions, and to this end he must become 
familiar with the primal forms of liv- 
ing matter from which have grown 
the living world as we see it now. 

The life-force endows matter with 
potentiality to pass through a definite 
series of changes until a certain result 
is attained, beginning with the sim- 
plest germ and producing as its highest 
result, the means of its own renewal 
through successive generations. 



On the Relationship of ^cidium 

Berberidis, Pers., to Puc- 

clnia Graminis^ Pers.* 

BY CHARLES B. PLOWRIGHT. 

There are not many more import- 
ant questions in the whole range of 
vegetable physiology, than those con- 
nected with the Eniwickelungsgeschi- 
chte of the fungus which causes the mil- 
dew in wheat. The magnitude of the 
issues at stake have been forcibly 
brought before us who reside in the 
large corn growing country of Nor- 
folk, during the last few weeks, where 
acres of wheat which, within a month 
or three weeks of harvest gave prom- 
ise of an abundant yield, were in less 
than a fortnight blighted to such an 
extent that in some instances con- 
siderably less than half a crop only 
was produced. 

In the month of May of the present 

* Abstract from the paper as published in 
full in GrevilUa, 



year (1881), I performed some expe- 
riments with the view of convincing 
myself one way or the other upon the 
connection said to exist between 
y£cidtum berberidis and Puccinia gra- 
mtntsj but owing to my non-acquaint- 
ance with the proper method of per- 
forming them, they resulted in failure. 
I then wrote to my esteemed friend, 
M. Max Cornu, who immediately, in 
the most kind manner, gave me full 
and explicit directions as to the prop- 
er mode of procedure. On the i8th 
June I commenced a second series 
of experiments, which have been con- 
tinuously carried on until the end of 
September, in which one hundred 
and seventy-six plants of wheat have 
been employed. I propose laying be- 
fore you a detailed account of each 
experiment, in order that you may 
be enabled to form your own opin- 
ion as to their results. But before 
doing this, I may be allowed to say 
that they were commenced and con- 
ducted, as far as it is possible to do 
so in such cases, with my mind unbi- 
assed one way or the other, either for 
or against the theory of heteroecisra. 
For upon the one hand I had a feel- 
ing that this theory was, to say the 
least, very remarkable; while upon 
the other, there was the fact of its ac- 
ceptance, almost without question, by 
the majority of continental mycolo- 
gists, by men whose acumen is un- 
doubted, and who justly rank in the 
fore front of scientifiic botany. My 
mind was in a state of "expectant 
attention," but I had no other feeling 
in the matter, having never commit- 
ted myself to an opinion either /r^? or 
con. 

Before detailing these experiments, 
there are some circumstances that 
have certain weight, both ' for and 
against, which should be fairly stated 
in order that a more just opinion may 
be formed than would otherwise be 
the case. In the first place it may be 
thought that the connection, as differ- 
ent states of the same fungus, be- 
tween an yEcidium and a Puccima is 
too wonderful to be true. We may 
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readily enough accept the numerous 
other instances of polymorphism af- 
forded by the fungus kingdom, and 
yet be unable to credit that a parasi- 
tic fungus can commence its life on 
one plant and finish it upon another, 
especially when the host plants are so 
far removed from one another, that 
the one is an exogen and the other 
an endogen. But this alternation of 
generation is well known to exist in 
other departments of the organic 
world, amongst organisms far higher 
in the animate scale than cryptogams. 
To take a well-known example af- 
forded by the Entozoa^ the Tenia me- 
iiocanellatay Ktich, commences its ex- 
istence in the flesh of the ox, as Cy* 
siicercus bovts, and finishes it in the 
alimentary canal of man; or Tenia 
solium^ Linn., which commences its 
existence as Cysticercus celluosce in the 
flesh of the pig, and finishes it iir the 
same situation as the first mentioned 
cestode. 

There exists a widely spread super- 
stition amongst agriculturists, which 
was credited far more extensively by 
the past generation of farmers than it 
is <Dow, that the presence of a bar- 
terry bush was connected with the 
occurrence of mildew in wheat. So 
much was this thft case that in most 
parts of Norfolk the barberry {^Ber- 
kris vulgaris) has, to a great extent, 
been exterminated. Now, nothing 
tends more to render a statement in- 
credulous to people in general and to 
scientific minds in particular, than to 
brand it with the title of superstition. 
We dislike above all things to be 
thought Superstitious, it is derogatory 
to our intellectual status. Without 
entering upon the question generally, 
of whether most superstitions have 
not a strain, however meagre, of truth 
underlying them, this sentiment has 
not been without considerable influ- 
ence in rendering us chary of accept- 
ing the heteroecism of Puccinia gra- 
fninis. It must, however, be borne in 
mind that the connection of barberry 
bushes with mildewed wheat presum- 
ably arose, as a matter of observation 



on the part of our forefathers, when 
they suffered from the pest. 

Leaving the sesubsidiary considera- 
tions, and for the moment discarding 
the element of heteroecism, let us 
consider whether there be any impos- 
sibility in the ^ciaia generally being 
the earlies states of certain Puccinice. 
It is presumed that no one now doubts 
the connection of the majority of 
Uredines with PuccinioSj and it must 
be borne in mind that a much greater 
difference existed in form, color and 
spore structure between Puccinia and 
Uredo than is the case with jEcidium 
and Uredo, The free spores of many 
species of yEcidium cannot be distin- 
guished from the spores of many Ure- 
dines, yEcidium as a genus differs 
from the 6V/^<^ principally in the pos- 
session of spermogonia, of a peridium, 
but more particularly in producing its 
spores in chaplets. All ^cidia^ how- 
ever, do not possess spermatia^ for of 
the thirty-two species enumerated as 
British in the " Handbook," the pres- 
ence of spermogonia is only noted in 
four; while certain Ur dines are pro- 
vided with them, e. g., U. suaveolenSy 
Pers., U. orchidiSy Mart., U. gyrosa^ 
Rebent, U, mercurialise Link., U, 
Euonymiy MsiTt.,SindU.pinguiSy D. C. 

Sir John Lubbock, in his .address 
to the British Association at York, 
last August, has very pertinently said, 
" Naturalists are now generally agreed 
that embryological characters are of 
high value in classification," the truth 
of which assertion is daily becoming 
more and more accepted by students 
of Natural History. 

Now when we cause the spores of 
yEcidia to germinate under circum- 
stances in which we can watch the pro- 
cess, we find they do so in exactly the 
same manner as Uredo spores, namely, 
by the protrusion of a hyaline tube 
through the epispore. This hyaline 
tube gradually elongates, and into it 
are emptied the contents of the spore, 
which are passed onwards until they 
eventually reach the end of the tube. 
This tube (or tubes, for there may be 
more than one) undergoes in both in- 
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stances the same spiral movements, 
and, unlike the tube produced by the 
germinating Puccinia spore, it does 
not, as a rule, produce secondary 
spores. 

The association of ^Ecidium with 
Uredo (in some state or other, either 
as Uredo, Puccinia, Uromyces, or Coleo- 
sporiuni) upon the same plant, often 
upon the same individual, and even 
upon the same leaf, is a fact well- 
known to practical mycologists. 

Of the thirty-two species of JE^i- 
dium enumerated in " Cooke's Hand- 
book of British Fungi," this associa- 
tion exists in twenty species. In some 
cases we find in nature this exists very 
closely, e, g.y ^c. ranunculacearum, 
D. C, and Uromyces ficarios, Lev., 
./£c.y epiiobiiy D. C, and Puc. epilobii, 
D. C. ^c, compositaruniy Mart., and 
Puc. compositarum, Sch., are often 
found upon the same leaf; while Puc. 
sparsa, Cooke, is expressly said by 
Dr. Cooke to be " only found amongst 
or near the oxolete pustules of -^«- 
dium tragopogonis, Pers. 

There is, however, a much wider 
question broached when we come to 
associate the ^cidium, known only to 
exist upon an exogenous plant with a 
Puccinia confined to endogenous 
plants. In order to convince reason- 
able minds, the evidence must be un- 
impeachable and complete. No mere 
coincidences, however numerous, can 
per se be taken as conclusive." 

[A series of experiments is then de- 
tailed in the original article, which 
occupy too much space to be reprint- 
ed here. As an indication of the 
manner of experimenting, however, 
the first one is given in full. — Ed.] 

Experiment I. — On i8th June, 
1 88 1, seven healthy young wheat 
plants, about six inches in height, 
were infected with the spores of JEci- 
dium berberidis, which were mixed 
with water, and freely applied to both 
surfaces of the leaves, and particu- 
larly to the angle which the blade 
forms with the stem. The pots con- 
taining the infected plants were cov- 
ered by a large bell glass, and plung- 



ed, with great care, into the ground. 
At the same time, eighteen precisely 
similar wheat plants, grown from the 
same seed, were placed in the ground 
in a pot, and covered by a bell glass, 
to be kept as check plants. The 
jEcidium was obtained from North 
Wooton, distanced three and a half 
miles, and the spores were used for 
inoculation within two hours from 
the time they were gathered. A 
number of them were at the same 
time placed upon a drop of water 
on a glass slide, and kept in a 
damp atmosphere, for forty-eight 
hours, when they were found to have 
germinated freely, which was proof 
positive of their vitality, and that 
they had not been injured by removal. 
Both groups of plants were watered 
from time to time, which was done by- 
raising the edge of the bell glass cov- 
ering them, an inch or two. At the 
end of ten days the bell glasses were 
removed, and the plants examined 
daily. On the twenty-fifth day a sin- 
gle spot of Uredo was observed upon 
one of the infected plants; the others 
all remaining free. On the thirtieth 
day this leaf was removed and exam- 
ined, and found to be veritable Uredo 
linearis. On the thirty-second day 
two more of the infected plants had 
Uredo upon them, but it was now 
found upon the check plants: that is, 
in twenty-two days from the time 
they were uncovered. On the forty- 
third day the experiment was con- 
cluded, when the whole seven of the 
infected plants had C^ir^^^ upon them, 
as well as sixteen out of the eighteen 
check plants. 

The result of these thirteen expe- 
riments may be thus summarized: 

Seventy-eight wheat plants were in- 
fected with the spores of yEcidium 
berberidis and ninety-eight similar 
wheat plants kept as check plants 
against them. Of the infected plants 
seventy-six per cent, developed Uredo 
in an average of 24.4 days. While in 
the same period seventy per cent, of 
the uninfected plants became spon- 
taneously attacked by Uredo. One 
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experiment only (No. 2), out of the 
thirteen was wholly in favor of the 
theory, and that lasted only twenty- 
three days. Still six per cent, more of 
the infected plants took the Uredo 
than of the uninfected. This is a 
very small portion, far too small in 
my humble opinion to constitute con« 
vincing evidence. I believe, however, 
that it can be accounted for by my 
own negligence in not thoroughly 
cleaning the bell-glasses before using 
them to cover fresh plants. Had the 
last experiment (No. 13), however, 
proved favorable to the theory I 
should have regarded it as being much 
more worthy of acceptation than I 
can now do. It is only after much 
patient work and careful considera- 
tion that I felt myself bound to differ 
from the eminent botanists abroad 
who do not accept the hetercecism of 
Puccitda gramims as established be- 
yond question. 

There are two other experiments 
not included in the thirteen which 
were performed by me that I think 
woithy of notice. 

Experiment No. 36. — On the 2d 
August one oat plant with ten leaves 
opoo it was inoculated with ^Ectdium 
htrkridis spores. A very large quan- 
tity of ripe Vadium spores was used 
—on the fifteenth day Uredo appear- 
ed upon the oat plant. On the 9th 
September (38th day), these Uredo 
spores were examined and found to 
be the Uredo of Puccinia coronata, 
Corda. Now had this experiment 
been carelessly performed the infer- 
ence would have been that the yEct- 
dium spores had produced the Uredo 
of P. gramtnis. 

Experiment No. 40. — Six wheat 
plants were infected with the spores 
of Uredo linearis at 4 p. m. on the 
13th August. On the 24th they all 
were simultaneously affected with 
Uredo, showing that the Uredo had 
reproduced itself in eleven days. 



Our Histological and Pathologi* 
cat Laboratories. 

II. 

In my previous article, published 
in the December number of this 
Journal, I attempted a fair exposi- 
tion and criticism of the outfits and 
manner of conducting the laborato- 
ries in connection with medical 
schools. My failing to clearly state 
my opinion as to what should con- 
stitute a good working laboratory, has 
caused numerous inquiries. In order 
to answer these and to bring the mat- 
ter for discussion, I herein give 
my views on the subject. 

First of all the room chosen should 
be so situated as to eliminate any 
possibility of tremor from outside 
causes, and so constructed as to be 
but slightly susceptible to motions 
within. This is all- essential. That 
it should be well lighted on all sides, 
is a convenience but not a necessity. 
What it lacks in natural light we can 
supply, and artificial light is to be 
preferred, owing to its steadiness. 
The floor should be oiled thoroughly 
and kept free from carpets or other 
covering. The walls should be smooth 
and of a dark color, thus preventing 
any chance of cross rays by reflection. 
Dark closet for storage, and chemi- 
cals injured by light ; shelving for 
stock-bottles and material in harden- 
ing fluids ; sink with hot and cold 
water ; several aquaria for frogs, sala- 
manders, etc., are all needed. 

A cabinet containing various high- 
power lenses, binocular eye-piece, 
freezing microtomes and other appa- 
ratus, occasionally needed for demon- 
stration or inspection, is an impor- 
tant addition. 

Each student must be provided 
with a table, the particular style of 
which is a matter of taste. I much 
prefer Queen's revolving table, to 
which has been added numerous lit- 
tle drawers in which to keep cleaned 
covers, slips, brushes, knives, needles, 
and any small apparatus not in use. 

On each table should be a micro- 
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scope with triple nose-piece and three 
or more lenses, of powers as follows : 

and i" Huyghenian eye-pieces, and 
}i" or %" solid ocular, all of which 
should drop easily into their places. 
This is a point that microscopists 
should insist upon — then, and only 
then, will the makers learn wisdom. 
The microscope should have a rack 
motion, and the fine adjustment 
should be behind, if for no other 
reason than convenience ; the stage 
not more than %" thick, including 
carrier or mechannical stage, and cer- 
tainly not less, as it cannot thus be 
made, and at the same time be steady. 
It must have a stop for the Maltwood 
finder. The mirror should swing 
above the stage, the diaphragm of the 
iris pattern, or so constructed as to 
work close to the slide. The swing- 
ing substage I would not insist upon, 
though at times it may be a conveni- 
ence, it is not a sine qud non as some 
would have us believe. 

In addition, a camera lucida that 
can be used in all positions of the 
microscope is a necessity. Don't 
forget a polariscope in the outfit. This 
is indispensable ; hence a stand 
having a shifting, polarizing appara- 
tus, as the " lithological" stands, 
would, in some respects, be the best 
stand for our work. A bull's-eye con- 
denser, eye-piece and stage microme- 
ters, section cutters, knife and car- 
riers, a lamp with an Argand burner 
are all necessary articles. 

For dissection and tearing, a dis- 
secting microscope, scissors, needles, 
knives, brushes, etc., must be provid- 
ed each student, as well as turn-table, 
nest of porcelain saucers (not less 
than eight in a nest), mounting media, 
finishing cements, staining fluids, al- 
cohol, etc., and capped bottles to con- 
tain them, these with small spirit- 
lamp, bell and watch-glasses, will com- 
plete an outfit. 

A set of reagents for urinary analy- 
sis, acids, test-tubes, beakers, wash- 
bottles, water and sand-baths, large 
spirit lamp, drying oven, Bunsen bur- 



ner, imbedding material, etc., should 
occupy the centre of the room on the 
chemical table. 

A cabinet supplied with normal 
and pathological slides is a great 
help to students, as well as all the 
important current and standard litera- 
ture bearing on the subject. 

The course of instruction should 
begin with a thorough elucidation of 
the mechanical and optical principles 
involved in the manufacture of the 
microscope. I clip the following from 
the Journal of the Royal Microscopical 
Society for December, as bearing di- 
rectly on this point : " Microscopists 
have for many years insisted that it is 
absolutely essential that histologists 
should be grounded in the theoretical 
principles applicable to the instru- 
ment with which they work, and that 
if this is not done, not only will er- 
roneous interpretations of structure 
be put forward, but many points of 
importance will be altogether missed. 

* In England (and America, too) 
this view has not been accepted in 
practice ; and an histologist who at- 
tempted to determine the true struc- 
ture of an object by experimental or 
theoretical optical considerations was 
a rarissima avis, indeed." 

It would be well to acquaint the 
student next with the manipulation 
of his lenses, and the ascertaining 
of their powers. Follow this with in- 
struction (practical of course) on the 
use of immersion or collar-adjustment 
lenses and eye-piecing. 

A thorough study of the normal 
fluids of the body and the simple tis- 
sues should immediately be followed 
by the study of the same in diseased 
conditions. This method I prefer to 
that of postponing pathological his- 
tology until the entire course of nor- 
mal histology has been gone over. 
The student thus saves much time 
and learns more rapidly the distinc- 
tive differences in the appearance of 
the tissues, after the simple tissues 
the membranes and organs are each 
considered in the way above stated. 

I hope this paper will excite com- 
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ment by educators, and thus bring 
before us a subject on which we have 
been painfully silent, much to the in- 
jury of our students. 

J. W. Crumbaugh, 
Philadelphia. • 

EDITORIAL. 



Personal. — We thought that Dr. 
]. Pelletan, editor of the Journal de 
Micrographiey had stopped the publi- 
cation of his periodical. But the Oc- 
tober number (1881) has been given 
to us by a friendly hand, particularly 
on account of an article concerning 
ourselves, which, although not such 
as would ordinarily be considered 
complimentary, is at least a rather 
outspoken critique^ and more or less 
instructive for that reason. The na- 
ture of the article will be understood 
when we add that it is principally a 
translation from The Microscope^ pub- 
lished by Prof. Stowell 

Now, if Dr. Pelletan does not treat 
us with more kind consideration in 
the future, we shall feel in duty 
bound to say some harder things 
about his peculiar transactions than 
we have ev€r said about anybody yet 
—and some of our readers will admit 
that such a criticism would be rather 
severe. 



The Northern Microscopist. — 
We have received from the publisher 
some copies of The Northern Micro- 
scopist (London) for distribution 
among the microscopists of America, 
as advertised in another place. It is 
an illustrated monthly magazine 
which completed its first volume in 
December, 1881. We can commend 
it as an ably conducted journal, and 
would be pleased to have it widely 
circulated in this country. 

CORBESPONDENCE, 

A Much Needed Stop. 

To the Editor: — For some months 
past I havebeen intending to offer, through 
this Journal, a suggestion to our mak- 



ers of microscope stands, and it is this : 
that they attach a thumb-screw in such a 
way that when the instrument is focussed 
on the object it can be securely set to 
that position. 

While adding materially to the value of 
the microscope, particularly for soiree and 
exhibition purposes, it need not increase 
its expense beyond the merest trifle. 

For public occasions the stop might be 
so arranged that the screw coiud be 
readily removed by the owner, and thus 
all tampering with the adjustment and 
consequent ruining of valuable slides pre- 
vented, — " a consummation devoutly to be 
wished," and which no notice of " hands 
off " and " please do not disturb the ins- 
trument " has hitherto accomplished. 

Who will be the first to utilize this sug- 
gestion, and thus deserve the thanks of 
all microscopists ? 

J. T. Brownell. 

Mansfield, Pa., Jan. 21, 1882. 

NOTES. 

— It is with no little satisfaction that we 
notice the publication of Bulletin No, i 
of the American Museum of Natural 
history of this city. It is the intention 
of the officers of the Museum to publish 
in this form, from time to time, the re- 
sults of investigations conducted at the 
Museum, Bulletin No. 1 contains three 
articles by Prof. R. P. Whitfield, illustrat- 
ed by wood-cuts and by four excellent 
lithog^raph-plates. It is in all respects a 
publication creditable to the Museum and 
to all concerned in its preparation. 

— Messrs. Bausch & Lomb have de- 
vised a new immersion-condenser, which 
it is expected will soon be ready for sale. 
We have seen one of them, but have had 
no opportunity to give it a practical test. 
It seems to be ingeniously devised, and 
will doubtless prove very useful. 

— Mr. A. A. Julien has published an 
article on " The Examination of Carbon 
Dioxide in the Fluid Cavities of Topaz," 
in which some interesting information re- 
garding the nature of such inclusions, and 
the best methods of studying them is 
given. The article is published in pam- 
phlet form, illustrated by four cuts. 

— Prof. Bessey, in a late number of the 
Botanical Gazette, recommends the as- 
paragus for histological study in the bo- 
tanical laboratories. The stem of this 
plant is a good type of monocotyledons, 



40 



THE AMERICAN MONTHLY 



[Feb. 1882. 



while for dicotyledons the pumpkin is a 
good representative, 

— The eleventh edition of Messrs. R. & 
J. Beck's Illustrated Catalogue of optical 
instruments is a pamphlet of 176 pages, 
containing illustrations of the microscopes 
and accessory apparatus manufactured by 
that firm. It is a useful pamphlet for re- 
ference» and every microscopist should be 
willing to send 15 cents for a copy. 

— Messrs. J. W. Queen & Co. have also 
recently issued the forty-ninth edition of 
their illustrated catalogue of optical instru- 
ments, which is likewise a book of refer- 
ence, containing more than 180 pages. 

— Dr. George M. Sternberg is now 
engaged in wnting a book on practical 
microscopical work, which is intended to 
give a general knowledge of such subjects 
as are seldom treated in a satisfactory 
manner in our popular text-books. The 
work will be ready before long and we 
will take occasion to refer to it again as 
soon as the plan is more definitely an- 
nounced. It will be illustrated by helio- 
type plates. 

M1GB08G0PICAL SOCIETIES. 

The fourth annual reception of the 
New York Microscopical Society was held 
at Chickering Hall on the evening of the 
8d of February. It was the most success- 
ful of all the public exhibitions given by 
the Society, and it was attended by about 
five hundred persons. The audience was 
highly appreciative, and included some of 
the most cultivated persons in New York 
society. The retiring President, Mr. R. 
Hitchcock, delivered the annual address, 
which is printed in full in this JOURNAL. 
After the address an exhibition of ob- 
jects was g^ven which, if not one of the 
largest, was certainly one of the best and 
most interesting of any that has been 
given in' this city. 

The exhibitions of the Society are given 
exclusively by members, with instruments 
belonging to them or to the Society. No 
member is allowed to show more than 
three microscopes, and the sole object of 
the exhibition is to combine instruction 
with entertainment. Among the objects 
exhibited, the following are worthy of es- 
pecial mention : Circulation of blood in a 
frog rendered motionless by curara, by 
Mr. J. L. Wall. Circulation in the yolk- 
sac of a young trout and of a young sal- 
mon, both of which were provided by Mr. 
£. G. Blackford, and shown by the use of 



Holman's syphon slides. Mr. F. Colling- 
wood showed the blood flowing in the 
tail of a fish; Mr. W. H. Mead showed 
cyclosis in Anackaris and Mr. Hitchcock 
the same in Nttella, Mr. F. W. Devoe 
showed a spider's nest with its pure-white 
eggs, a very beautiful object, and also the 
eyes of a living spider. Mr. E. C. Bogert 
snowed some very beautiful insect eggs 
on a maple leaf. Several members ex- 
hibited different forms of living infusoria, 
rotifers, stentors, vorticella, etc., which 
they are now able to procure from Mr. 
Balen. Heretofore, there has been some 
difficulty about obtaining living infusoria 
in the city, when wanted for such occa- 
sions, but Mr. Balen has now removed it. 

We have only mentioned some of the 
most interesting objects — ^the list included 
thirty-three different specimens. 

The Society is in a prosperous condi- 
tion, and we trust it may have a success^ 
ful future under the direction of the new 
Board of Managers. Mr. Benjamin Bra- 
man is the President and Mr. C. S. 
Shultz Corresponding Secretary. The 
address of the Society is 64 Madison 
Avenue. 

The Fairfield Microscopical Club met 
at the home of Dr. Hufford, Saturday 
evening, November 19th. The Club, hav- 
ing reached the close of the first year of 
its organization, proceeded to the election 
of officers for the ensuing year. The fol- 
lowing officers were chosen : Prof. Mc- 
Calla. reelected President; Dr. Mohr, 
elected Vice-president ; J. Grinstead, re- 
elected Treasurer ; Geo. D. Clarke, elected 
Secretary. 



Exchanges. 

[Exchanges are inserted in this column without 
charge. They will be strictly limited to mounted 
objects, and material for mounting.] 

For a packet of frustules of A mphitetreu antedi" 
luviana^ send slide, or unmounted specimen to 

K. M. CUNNINGHAM, 

Box 874, Mobile, Ala. 



Well mounted Diatoms on Alga, Polycistina, Zoo- 
phytes various, and other miscellaneous objects for 
other well mounted objects. Mounted Insects or parts 
of Insects preferred. W. FARNELL, 

125 Walnut Street, Macon, Ga. 



Well mounted Diatoms, etc., in exchanee for first- 
class slides, or material. W. H. TIvY, 

6th and Olive Streets, St. Louis. Mo. 



A beautiful collection of wild seeds of Central Ohio 
to exchange. List furnished on application. 

F. O. JACOBS, Newark, Ohio. 
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Reproduction of Closteriam by 
Swarm-spores. 

BY FRANK HOLLAND. 

In works on the microscope, it is 
sometimes stated that besides the two 
usual methods of reproduction of the 
Desmidiaceae, division and conjuga- 
tion, there is sometimes a third meth- 
od, by means of zoospores or swarm- 
spores. 

While looking over a drop of water 
from a fresh-water gathering, last Au- 
gust, 1 found a desmid of the genus 






Fig. 8. 





Fig. 9. 

Ciosten'um, which I think was repro- 
ducing itself by swarm-spores. In 
the hope that my observations will 
draw out more information on the 
subject from the readers of this 
Journal, I record them as follows: 

When I first saw the Closterium it 
had the appearance of fig. 8, all the 
endochrome evidently having been 



used up in making the greenish, oval 
bodies seen within the cell. 

It was early in the forenoon that I 
saw the desmid, and as it presented 
such a remarkable appearance, en- 
tirely different from anything I had 
ever seen before in Closterium^ I de- 
termined to study it, to learn, if possi- 
ble, into what the bodies would de- 
velop. All through the forenoon it 
presented the same appearance, but 
in the afternoon, when I sat down to 
my microscope, I found there had 
been a change; some rounded points 
had grown out through the 
walls from the oval bodies 
within, each oval body seem- 
ing to have one, as shown in 
fig. 9 tf, and also in fig. lo a. 
These points were trans- 
parent, the outlines of the 
walls being the only indica- 
tion of them, and they were 
apparently destitute of proto- 
plasm. , For sometime, an 
hour or so, the desmid re- 
mained in this condition, 
after which balls of granular 
protoplasm (fig. 9, b and r, 
shown more enlarged in fig. 
ii) shot out very suddenly 
from the ends of the points — 
they were round at first, as 
at by fig. 9, and then changed 
in a few minutes into a some- 
what irregular mass, as at r, fig. 9. 

The irregular masses kept changing 
to more irregular forms, from which 
the swarm-spores gradually grew ; 
small masses of the protoplasm seemed 
to condense from the mass and to ab- 
sorb the rest of it as they grew, until 
finally they attained the lenticular 
forms seen in the two round masses 
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of swarm-spores in fig. 9 d and e. A 
rapid revolving motion appeared in 
the mass of swarm-spores as they be- 
gan to form, increasing in intensity 
as they grew, until finally they broke 
away from each other. In breaking 
away from each other, they 
scattered in all directions, and 
then it was seen that they had 
two rather long cilia (fig. 9), 
which were not previously 
observed. They swam very 
rapidly in a straight course, 
pausing for an instant 
with a jerk, and then resuming 
their path again. Their color was 
greenish. I should think there were 
twelve or thirteen of these swarm- 
spores in each mass, but owing to the 
rapidity of their motions I could 
not count them very correctly. 





Fig. 11. 

The masses of protoplasm (fig. 9, b 
and c) appeared on the surface of the 
frond at irregular times and places, 
two or three of the masses being seen 
at once, no definite order seeming to 
be observed in their production. 



The whole process of the formation 
of the swarm-spores, from the first 
appearance of the mass of protoplasm 
on the outside of the frond to their 
final dispersion, did not occupy more 
than fifteen or twenty minutes. 







Fig. 12. 

On the empty frond I counted thir- 
teen of the points where the swarm- 
spores had come out, and after they 
had all gone it appeared to be quite 
empty, nothing remaining in it but 
some wrinkled, olive-green substance 
It took the whole afternoon before 
the frond was entirely empty. While 
I was watching this desmid, a large 
amoeba came gliding along and tried 
to swallow it, and I thought my ob- 
servations upon it were at an end, 
but I was happily disappointed, for, 
after having half enveloped it he gave 
it up as being too large a morsel for 
him. He took from it, however, two 
or three of the masses of swarm- 
spores that were developing at the 
time, but three more bunches came 
out afterwards, developed, and swam 
away, the amoeba's digestion evi- 
dently not being strong enough to af- 
fect the inside of the frond. 

If any of the readers of this Jour- 
nal have seen the same method of re- 
production of Closterium, and have 
been more fortunate than myself in 
following and watching the develop- 
ment of the swarm-spores into the full- 
formed Closteriumy I would be glad 
to hear from them. 

Manchester, N. H. 



Description of 

Fig. 8. — ^Appearance of the Closterium 
when first seen in the forenoon, with a Jl^-inch 
objective. 

Fig. 9. — ^Appearance of the same in the 
afternoon with the points {a a) and masses of 
protoplasm {p c) that have just come through, 
and the swarm-spores </ and ^forming, ^-inch 
objective. 



tlie Figures. 

Fig. 10. — Point from one of the oval bo- 
dies a, before the swarm-spores have come out, 
and some of the points left {e) after they have 
gone, seen with the ^-immersion objective. 

Fig. 11. — The masses of protoplasm as seen 
with the )^-objective, and a free swarm-spore. 

Fig. 12. — Appearance of the frond after 
the swarm-spores had all gone. 
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The Motion of Diatoms. 

BY C. M. VORCE, F.R.M.S. 

It is with great pleasure that I ob- 
serve the awakening of interest in 
this phenomenon. Like many others, 
I have watched faithfully the curious 
movements of the diatoms, in the ef- 
fort to leam the means by which they 
are accomplished, but up to this time 
I have not been able to satisfactorily 
account for them on any theory I 
have yet heard of, so that I am still 
in the very unsatisfactory predica- 
ment of being unsatisfied with any of 
the theories advanced by others, yet 
having none of my own. 

However, I have accumulated quite 
an array of facts bearing on the sub- 
ject, and it seems to me that with the 
objectives now to be obtained, the 
solution of the mystery concerning 
this motion may yet be accomplished 
by some persevering observer. There- 
fore, I offer the facts I have observed 
in the hope that they may aid, in 
some degree, to develop the truth. 

Ihave observed positive movement 

in the following diatoms: Amphiprora 

^^^^^'^.Nitzschia sigtnoidea^ Nitzschia 

^P; Synedra sp.^ Surirella turgida Su- 

^rdkhiseriatay Surirella splendida (/), 

Cymtopleura solea, C, Hibernicay Cym- 

^dlacuspidata, Navicula cryptocephala^ 

^- cuspidata, Pinnularia viridis; and 

apparent movement in Stephanodiscus 

Niagara, in .a Gomphonemay and in 

^ymatopleuraelliptica. Also I have seen 

detached valves, free of endochrome, 

exhibiting apparently voluntary 

motion which, it is obvious, must have 

been caused by some force foreign to 

the diatom. Most of my observations 

have been made on fresh filterings 

from the water of Lake Erie, in which 

^ large amount of flocculent matter 

was present, and in which infusorial 

life was abundant. 

The common phenomena of the 
motion of diatoms are well described 
by the Hon. J. D. Cox, in this Jour- 
nal of April 1 88 1, p. 66, and may al- 
ways be seen in a gathering of dia- 
toms where much light matter is pre- 



sent in the water. The same writer 
gives some observations reported by 
Dr. Wallich, and apparently consider- 
ed by Dr. Wallich as very curious, in 
the Journal of November, p. 206. 
The phenomena reported by both the 
above-named gentlemen have repeat- 
edly came under my notice, as well 
as the growth of the silicious fila- 
ments referred to by Mr. Mills in the 
Journal for January, p. 8; and I 
have observed a similar growth on 
frustules of Nitzschia. From my ob- 
servations^ I believe these silicious 
filaments to be mere adventitious ex- 
crescences, like a wart or tumor on the 
human body; yet I am satisfied that 
they affect the motion of the diatom 
on which they grow, just as a rudder 
or centre-board affects the motion 
of a vessel, without any connection 
with the cause of the motion. In 
one case I observed a very active 
Nitzschia having eight or ten of these 
bristle-like filaments, all on one side, 
one much longer than the others, and 
this frustule moved in curved lines, 
the filaments on the inner side, al- 
though ordinarily this diatom has a 
rectilinear course. Presently the long 
filament became entangled in some 
rubbish, and for a time the diatom 
swayed back and forth, as on a pivot, 
when suddenly the bristle broke short 
off, close to the valve, and the diatom 
thus freed moved away to some dis- 
tance, resuming an almost straight 
course. Since I first saw these fila- 
ments on a diatom I have frequently 
recognized them, and doubt not they 
are often overlooked in the fresh 
gatherings and detached in boiling if 
the gathering is cleaned. By means 
of such filaments, if very small, a dia- 
tom might seize and carry along ex- 
traneous matter with which it came 
in contact, as it is often seen to do, 
without the filaments being perceived; 
but this would not account for the 
traveling of particles along the dia- 
tom while it is held fast, as so com- 
monly happens. 

Many of the phenomena connected 
with the motion of diatoms seem to 
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indicate that the fnistules are envel- 
oped in a membrane, and such I be- 
lieve to be the case. This envelop- 
ing membrane, if adhesive, would 
cause many of the appearances noted, 
provided the motion be accounted 
for; but adhesiveness of the diatom 
would not of itself cause motion. I 
have often seen a small diatom mov- 
ing along beside a much larger, sta^ 
tionary one, cause the latter to re- 
volve by the friction, often partly 
overturning it. But in the cases 
where extraneous matter is seen ad- 
hering to, or trailing after a diatom, 
how do we know that the adhesive 
property does not reside in the ad- 
hering matter and not in the diatom 
at all ? I have often seen such masses 
of flocculent matter adhere to entomo- 
straca and rotatoria when they hap- 
pened to brush against it, and re- 
main attached some time until detach- 
ed by the violence of their movements. 
The remarkable alternation of mo- 
tion seems to me a very strong objec- 
tion to the ciliary theory, and equally 
so to that of the prehensile filaments. 
No other ciliated or flagellate organ- 
ism that I know of exhibits such al- 
ternation, but whether animal or vege- 
table, when free to move they swim 
hither and yon in a purposeless and 
indefinite course, without limit. But 
if prehensile filaments exist, they 
should, to be in accord with other 
provisions of nature, bear a relative 
proportion in size to the diatom by 
which they are borne. Yet, in large 
diatoms, like Amphiprora ornata, Su- 
rirella splendtda^ S. turgida, etc., when 
active and moving with great force, no 
trace of cilia, pseudopodia, filaments 
or anything of the kind has yet been 
discovered. I have watched a large, 
thick Surirella plowing its way through 
tangled masses of Tabellaria^ and 
sweeping before it masses larger than 
its own bulk, and hoped to find some 
trace of the means by which the re- 
sistless motion was imparted, but 
without success, although I brought 
to the task objectives capable ' of 
resolving the Amphipleura pellucida. 



No trace of currents, of cilia, or any 
external appendages could be seen, 
nor any motion in the endochrome 
of the diatom. I have also observed 
that these large diatoms do not show 
the same attraction towards loose 
particles in the water which the small- 
er ones do. 

I have seen living diatoms, both 
still and moving forms, with a sub- 
stance adhering to them which had 
exactly the appearance of a fragment 
of an amoeba, but without the move- 
ment natural to the latter. And I 
have seen the same substance adher- 
ing to dead diatoms entirely free 
from endochrome. In all the cases I 
am convinced it was foreign to the 
diatom and had no connection with 
the motion of the diatom to which it 
adhered. 

Most diatoms, even when unobstruct- 
ed, move with a quivering or stagger- 
ing motion, much like a drunken 
man, which does not seem consistent 
with ciliary action, or with currents 
produced by osmotic action, and be- 
sides we should expect the currents 
produced by cilia or any other force 
capable of moving the diatom, to be 
strong enough to move adjacent par- 
ticles when the diatom is held fast. 
Yet we do not see free particles moved, 
or any evidence of current in the wa- 
ter except where there is contact with 
the diatom. Frequently we see a 
small mass moving along the diatom 
while another mass, apparently in con- 
tact with it, is not affected until the 
moving mass strikes the stationary 
one, when both move as one, or as if 
stuck together by some adhesive sub- 
stance. 

The appearance mentioned by Mr. 
Mills, of a clear space surrounding 
diatoms like Cyclotella is not an inva- 
riable characteristic. I have seen the 
complete space around some frustules, 
while others of the same species in 
the same gathering were matted with 
light stuff, and often themselves mat- 
ted in groups, while all, judged by 
the appearance of the endochrome, 
were equally alive and vigorous. In 
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addition I have at times noticed a 
peculiar clear space adjoining one 
side of a diatom, as if a drop of some 
invisible oil was attached to it, while 
everywhere else the dirt and loose 
matter in the water adhered to the 
frustules. The same clear space is 
often seen around other particles, such 
as sand and dead diatoms, etc. If a 
layer of jelly-like substance did in 
fact surround the living diatom, and 
had the power of wave-like motion in 
its substance, it might give rise to 
motion of the diatom, like the creep- 
ing of a snake; but it seems impossi- 
ble that a layer of such substance suf- 
ficient to accomplish the result, es- 
pecially in large diatoms, should es- 
cape detection, and the alternation of 
motion would still be unexplained. 



Fig. 13. 



But in some cases, at least, the shape 
of the diatom has an influence upon 
its motion. Atnphiprora ornata^ which 
has a half twist, moves through the wa- 
ter endwise, with a rocking motion 
exactly like that of a vessel in the 
trough of the sea, and the curved 
webs or projections on the sides of 
the valves would give just such a mo- 
tion to the frustule when forced 
through the water, but if prehensile 
filaments caused the motion the effect 
of the shape of the diatom would be 
little or nothing, and in clear water 
prehensile filaments would affect no- 
thing unless they could fasten to the 
shifting atoms of water as to a solid 
body. 

In conclusion, I append a diagram 



of the course followed by a very ac- 
tive frustule of Cymbella cuspidata ob- 
served moving in clear water: the 
diatom is drawn at the starting point, 
and the arrows indicate the course in 
which it moved. None of the ac- 
credited causes of motion in diatoms 
seem to me to explain satisfactorily 
all the phenomena observed. 




Binocular Microscopes. 

The question is often asked by pur- 
chasers of microscopes, whether there 
is any real advantage in binocular 
over monocular instruments. In so 
far as we regard the question in its 
purely practical aspects, it is capable 
of a definite and a satisfactory an- 
swer; but when we come to decide 
upon it from theoretical 
grounds — to state just what 
effect any particular binocu- 
lar arrangement will have 
when applied to the examina- 
tion of a specified object, to 
explain how much of the ap- 
pearance of relief is real, 
and how much is merely a 
mental impression produced 
by the two images in the two 
eyes — the problem presented 
is a very difficult one. 

We shall, therefore, con- 
fine ourselves to the practical 
side of the subject in this contribu- 
tion. If the question is, whether 
there is any advantage in a binocu- 
lar microscope in studying the 
form of objects — whether the ap- 
pearance of relief that it gives is ne- 
cessary to enable us to form a correct 
idea of the true shape of objects in 
which the appearance of relief is most 
striking — the answer must be a decid- 
ed negative. It is true that the binocu- 
lar does reveal more of the form of an 
object at the first glance, than the mo- 
nocular; but it is a matter of experi- 
ence that those who use only one eye 
in microscopical work, never make the 
mistake of supposing that an object is 
flat merely because it seems to be so. 
A very short experience enables one 
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to form a perfectly correct idea of the 
shape of any object by a few turns of 



|. 



\ 




B 



the focussing screw. 
Hence, persons whose 
means are limited, and 
who desire to invest a 
small sum of money, in 
a microscope to be used 
i for purposes of study, 
would do well to forego 
anythoughtof purchas- 
B A ing binocular stands. 

Fig. 14. 

On the other hand, there are certain 
qualities of binoculars which com- 
mend them to all workers who can 
afford the additional cost. Apart 




Fig. 15. 

from any stereoscopic effects, it is 
doubtless true that the use of the two 



eyes whenever possible, renders con- 
tinued observation less tiresome than 
when only one can be applied to the 
tube. Some writers have stated that 
with a monocular, one eye is over- 
strained while the other is not used 
at all, contending that by using the 
binocular that trouble is overcome. 
The two eyes should be used alter- 
nately with the monocular, hence they 
both ought to become trained for 
sharpness of vision; but we doubt if 
the binocular aids in the way assumed, 
for we are inclined to believe that, 
although both eyes are simultane- 
ously employed with the binocular, 
the right eye does most of the real 
work, the left eye only supplementing 
its fellow and giving the binocular ef- 
fect. However this may be, there is a 
certain ease in working with binocu- 
lars, which doubtless makes the strain 
upon the eyes less, than with monocu- 
lars. 

The stereoscopic effects while not 
of great practical importance, as 
already stated, certainly render many 
objects more attractive to look at. 
For this reason a microscope for 
the entertainment and instruction 
of friends should certainly be a bi- 
nocular. But it should not be for- 
gotten that the angular aperture of 
the objective must not be too large, 
as then the stereoscopic effect will be 
exaggerated, as Carpenter has well 
shown. He found that a j4-mch of 
40** gave the true stereoscopic effect. 

It should be remembered that the 
ordinary form of binocular cannot 
be advantageously used with objec- 
tives of less than half an inch focus. 
Therefore, the kind of work to be 
done should also be considered in 
selecting the stand. 

We will now briefly refer to some 
of the different forms of binoculars, 
but a detailed account of them can- 
not be given here. Most of the cuts 
are taken from the article by Mr. 
Geo. E. Fell, on " The Binocular Mi- 
croscope and Stereoscopic Vision," 
published in the Proceedings of tlu 
American Society of MicroscopistSy and 
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for their use we are indebted to the 
courtesy of Prof. KelHcott, 

Fig. 14 represents Powell & Lea- 
Uad's non-stereoscopic binocular 




for use with high powers, represented 
in fig. 15. It is mounted the same as 
the ordinary Wenham prism, and can 
readily be substituted therefor. 

Fig. 16 represents the 
Nachet stereoscopic binocu- 
lar, and fig. 17 the Nachet 
stereo- pseudo SCO pic arrange- 
ment. It will be observed 
that the two figures represent 
the same instrument with one 
of the prisms in different 
positions, giving a stereo- 
scopic effect in thefirst figure, 
and a pseudoscopic effect in 
the latter. 



1 \ 



"hiclimay be used with high-power object- 
ives. The prisms are mounted in a tube 
yhkb can be substituted for the tube hold- 
ing the Wenham prism, now in common 
use. The rays from the objective are 
partly transmitted and partly reflected by 
ihe surface of the prism S, and their 




course can be followed by means of I 
the diagram. 
Mr. Wenham has devised a prism 



Fig. 18. 
The ordinary Wenham bi- 
nocular is represented in fig. 
18. This is the form in al- 
most universal use in this 
country. 

Fig. 19 represents Prof. H. 
L. Smith's arrangement by 
which the rays from the ob- 
jective are partly transmit- 
ted and partly reflected by the plate 
D. 
The first binocular of all was an 
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American invention, devised by Dr. 
J. L. Riddell, of New Orleans. A full 




f 
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Fig. 20. 



description of this instrument, with 
cuts, will be found in Vol. I of this 
Journal. 



GALCITE 
PRISM 




FLINT GLASS 
PRISM 



Fig. 21. 

The (Abbe binocular eye-piece fig. 
2o), was fully described in this Jour- 
nal some time ago (Vol. I, p. 201). 
A similar arrangement was described 
by Prof. F. A. P. Barnard, represented 
in fig. 21. The latter, however, was 
not an ocular, but was intended to be 
used in the tube. It differs from 
Prof. Abbe's device, in having a 
prism of calcite. 



The Yertical Illmiiinator. 

[Dr. E. Van Ermengem recently re- 
counted his experiments with the yer- 
tical illuminator before the Belgium 
Microscopical Society. As this in- 
strument has lately attracted con- 
siderable attention in this country, as 
well as abroad, the following summary 
from the Bulletin des Stances, may 
prove of interest. — Ed]. 

This apparatus, invented in 1866, 
by Prof. Hamilton L. Smith, has been 
for some time used in a manner dif- 
ferent from that designed by its in- 
ventor. With the homogeneous-im- 
mersion objectives it gives results 
which have arrested the attention 01 
many microscopists, and which have 
been the object of interesting discus- 
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sion at one of the late sessions of the 
Microscopical Society of London. 

The speaker has made some im- 
provements upon the model of R. & 
J. Beck, and added an adjustable dia- 
phragm, by means of which the in- 
strument is made more useful and 
gives better results. Moreover, the 
reduced dimensions of the apparatus 
thus modified permits of its use — with 
Zeiss homogeneous objectives — on 
microscopes of the smallest model. 
With a very simple and cheap acces- 
sory one may thus resolve the most dif- 
ficult tests, A, pullucida and the 19th 
band of Nobert's plate, more perfect- 
ly than with immersion condenser, 
Woodward's prism, swinging sub- 
stage, etc., which are only applicable 
to large microscopes. 

By means of an apparatus con- 
structed by M. De Simpelaere, of 
Brussels, and a j^y-inch objective of 
Zeiss, several tests were successfully 
shown, — Surirella gemtnay Navicula 
rhmboidesy AmphipUura pelluciday 
Midthe scales of Poduraplumbea^ were 
i^lved with extraordinary clearness, 
^'nder a magnification of 3200 diame- 
ters, the striae of A,pellucida appeared 
fflauifestly separated into pearls or 
<iots. The appearance of PUurosig- 
^a angulatum under this illumination 
is very unexpected. The markings 
resemble the alveolar or hexagonal 
structure of certain species of Trice- 
I'atiumyCoscinodiscus, etc. This spe- 
cial illumination affords a new confir- 
mation of the opinion held by some 
paicroscopists regarding these mark- 
ings, and which M. Rutot reproduced 
at the stance of October 30th, 1880, 
Apropos of the microphotographs of 
this Pleurosigma prepared by Dr. 
Gfinther, of Berlin. 

The appearance of solidity, of relief, 
afforded by objects thus illuminated, 
the preservation of their natural col- 
ors, the clearness presented by the 
smallest details of their surface, have 
^ed many observers to admit that the 
effects are due to an illumination very 
similar to that which reflected light 
produces with opaque objects. But 



Mr. Stephenson seems to have demon- 
strated that the rays condensed upon 
the object, at least when it is transpa- 
rent, as are the silicious valves of the 
diatoms, are not reflected from the su- 
perior surface, and that they traverse it, 
on the contrary, without illuminating 
it. Only one portion of the rays, of 
which the obliquity exceeds the criti- 
cal angle (41**), suffer total reflection 
from the inferior surface of the ob- 
ject, and instead of passing into the 
air, illuminate it by making it self- 
luminous. Thus is explained why 
the apparatus only produces this par- 
ticular illumination with objectives 
having angle of aperture greater than 
the maximum of dry-objectives, more 
than 180^, and on preparations mount- 
ed dry having the object adhering to 
the cover. 

Dr. Ermengem, moreover, called 
the attention of the members to the 
advantage of this method of illumina- 
tion in the study of certain histologi- 
cal elements. There are many ana- 
tomical preparations which can be 
temporarily mounted dry on the cov- 
er-glass. Human blood cells . pre- 
sented an extraordinary appearance, 
in their bright-red color, their very ap- 
preciable relief, and the clearness with 
which the slightest inequalities of 
their surfaces are visible. 



The Limiting Diaphragm^ or 
Aperture Hhntter.* 

For many years past we have heard 
declamations against the practical 
value of wide aperture objectives, 
principally, however, upon the ground 
that they do not possess penetration, 
though all seem agreed that they do 
define much better than those of 
small or medium angle. Even Dr. 
Carpenter, the champion of medium 
angles, in the last edition of his work, 
p. 732, seems at last to prefer wide 
apertures, for in the only instance in 
which he has expressed an opinion 
upon the structure of insect scales 
/rom his own study he writes : " The 

♦ From The Northern Microscopist, 
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" author has fully satisfied himself by 
" his own study under an oil immer- 
" sion -J^ of Messrs. Powell and Lea- 
" land of a Podura scale illuminated 
"by the * immersion paraboloid,'" 
etc., etc. 

It is well known that the wider the 
aperture of the objective, the less the 
working-distance may be, though this 
does not depend upon the aperture 
alone. A reference to pp. 257, 282 
and 283 of this journal will 
show this clearly, if columns a^ 
d and g are compared ; we do not, 
however, wish to enter into this 
question at present, but will endeavor 
to show how penetration may be 
given to wide angle lenses. 

It seems upon inquiry that some 
of our opticians have for some time 
past produced a half -inch objective 
for use with the binocular, by placing 
a diaphragm of smaller aperture than, 
usual behind"^ the back lens of the 
objective. The half inch of 60° is 
thus easily reduced to 40°, and the 
penetration consequent upon such re- 
duction is by this means obtained. 

For some time past we had been us- 
ing stops of blackened card-board, and 
as these were not very convenient 
we had a conversation with Mr. 
J. B. Dancer of Manchester, as to the 
utility of making an "iris " diaphragm 
for the purpose, when he produced a 
graduating diaphragm made ten years 
ago, but to the best of our know- 
ledge, our idea has never been pub- 
lished. 

It will be seen that this form of 
aperture shutter enables the operator 
to adjust his objective to any aperture 
he wishes, and this cannot be effected 
upon any older plan without having 
a large set of stops on hand. The 
closing of the shutter does not con- 
tract the absolute size of the field, but 
only the brightness of it, and the true 
value oi penetration can easily be ob- 
served without moving the eye from 
the tube. 

The value of wide apertures fol* 
good definition may also be seen when 
using this "shutter." If Topping's 



admirable preparation of the proboscis 
of the blow-fly be observed with an 
inch objective having an air angle of 
30°, the view is superb, the pseudo- 
tracheal markings come out well de- 
fined and sharp ; but close the shut- 
ter until an angle of 14^ or less is ob- 
tained and examine again, when it 
will be found that the definition is 
not nearly so good, while there is 
more penetration, the whole of the 
pseudo-tracheal tube being observed 
under one focussing. While in this 
condition, the eye being still applied 
to the tube, open the shutter to its 
full extent, and the effect of wide 
aperture will demonstrate itself. 

Perhaps the best object to show 
the amount of penetration possessed 
by objectives of low angle, may be 
found in the microfungus Myxotri- 
chum deflexum, or M. chartarum ob- 
served under the one-inch objective. 
The former object consists of little 
patches of grey downy balls, from 
which arise a number of radiating 
threads furnished with a few opposite 
and deflexed branches. Under an 
inch objective of 30** air angle but 
few of these branches can be seen 
under one focussing, the remainder 
being enveloped in a haze of light ; 
but if a central layer be focussed, the 
simple closing of the shutter will suf- 
fice to bring the superior and inferior 
layers into view, though of course 
the image is not so bright or so well 
defined as before. 

The objection to wide angles, that 
they do not possess penetration may 
now be fairly said to have broken 
down ; its other phase, that of work- 
ing-distance, we will treat of in a 
future number. 



Staining of Living Unicellular 
Organisms.* 

K. Brandt finds haematoxylin and 
Bismarck-brown suitable coloring ma- 
terials with which to stain Protozoa in 
the living state. For Amoebae and 
Heliozoa a dilute solution of hsema- 

♦Abstract, in Joum. Royal Micros. Society - 
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toxylin in water is allowed to act for a 
short time; in any case the process 
must be limited to an hour, as even 
Amoebae succumb to a longer treat- 
ment. Pure water should then be 
allowed to replace the staining fluid. 
The nuclei are found stained pale 
violet. By this method the author has 
discovered nuclein in the form of nu- 
merous round granules in the endo- 
sarc of Atnctba proteus^ Leidy, mea- 
suring from y^ to TiAnr J^™- >" 
diameter; they have the same optical 
properties as the nuclei, and react 
chemically in the same way, and stain 
readily and deeply with hsematoxylin. 
The bulk of extra-nuclear nuclein 
may be seen in old specimens to ex- 
ceed that of the nucleus itself, and in 
young individuals to exclusively rep- 
resent the nucleus The author has 
been led by the remarkable appear- 
ance of the so-called nuclei to regard 
them as reproductive bodies, and to 
consider the nuclein-granules as rep- 
resenting the nucleus proper, for the 
TDaembrane enveloping the nuclei ap- 
pears in this amoeba to consist of cel- 
lulose, it being insoluble in solution 
of caastic soda, but dissolving in am- 
monia-oxide of copper. 

Haematoxylin at first produces no 
visible change in the liquid of the 
contractile vacuole; later this assumes 
a yellowish tint, and finally becomes 
brown shortly before death: the acid 
reaction of the liquid is thus proved. 
BismarclL-brown stains the nuclei of 
dead cells, but the on^|r parts of Proto- 
zoa affected by it in the living state are 
the fatty granules and a peculiar mu- 
cous substance resembling cellulose. 
The solution should have a strength 
of either i to 3000 or i to 5000; it is 
best adapted for Heliozoa, Amoebae, 
and Flagellata, which remain quite 
healthy even after staining for several 
hours, and when the parts above-men- 
tioned have assumed a deep brown; 
if replaced in pure water the color is 
long retained by the fat-granules. 
Double-staining may be effected by 
first using Bismarck-brown for an 
hour, and then haematoxylin for a 



much shorter time; the protoplasm 
alone remains uncolored. The dif- 
ference in their colors shows which 
of the granules are fatty and which 
consist of nuclein. When death sets 
in, in consequence of this treatment, 
the nucleus becomes very deeply 
stained, and the protoplasm acquires 
some color. The action of cyanine 
or quinolein blue, used in the propor- 
tion of 1 : 100,000 or I : 500,000, re- 
commended by Certes for Infusoria 
and histological elements, is essenti- 
ally the same as that of Bismarck- 
brown. Certes finds that Infusoria 
also stain with Bismarck-brown. 



Microscopical Laboratories. 

In the February number of the 
Journal, there is an article by Dr. J. 
W. Crumbaugh, in regard to which I 
would like to offer a few words. Many 
of his suggestions are good, but in some 
respects I would beg leave to differ 
with the writer. Dr. Crumbaugh *s idea 
is to surround the student with alto- 
gether too much and too expen- 
sive paraphernalia, which has a ten- 
dency to discourage him at the start. 
It has been my experience, and is 
also so taught by the leader of patho- 
logical science, Virchow, that the 
more simple the microscope the bet- 
ter. Better work can be done without 
fancy rack stages and a multitude of 
screws, as has been illustrated by some 
of the work done by students under 
Prof. Bunker, of L. I. Hospital Medi- 
cal College. In place of Queen's 
revolving table, I much prefer tables 
made square or long, of heavy, pol- 
ished wood, well oiled, and fastened 
firmly to the floor. It has always 
seemed rather strange to me why 
some microscopists prefer artificial to 
natural light; the former is much 
more trying to the eyes, and accord- 
ing to my idea, for general work it is 
not so good. I would have the light 
come in from only two sides, east and 
north. The material for the student 
to examine should always be as fresh 
as possible, and when pathological, 
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i^ix'XLst zjt crrtr with the prepAradoii. 
Aftir siiih a ct^iLT^c when the smdent 
ctm«s IS tht w:irk oc ererr-diT life in 
lilt r-^-tJZrc « pra/:t:c2j Ecdicinc, he 
riiii ii-d a i'...d hsjis i:>:,n which 
l& frrtiriid his f«t::rc oiscrk atfonSu 

-^ >hjsi'_--2X5 cimo€ be special- 
ist* w.t- the inicToscope, but all 
hix'j^.t krtow the psihoLc^.cai differ- 
t3iot t#erwt3cr: fittr degeneration and 
2IL3 a'jid dezer eratioi: when they see it 
\ «: 'jyjw vLzzrs do? I venture not ten 
per cext. « them, and so long as you 
ntJiL^ x:por s^rroimding the student 
3th so ccoiphcated an outfit as the 

ttcr abcrre mentioned would sug- 
wSt, so ioTig wil] we continue to turn 
o::t phjiidans from our medical 
ichcols i^orant of the essential prin- 
c:plef of faistologr and pathology. 1 
wdj remember while I was a student 
ir the Pathoiogical Institute in Berlin, 
thai ti>c great endeavor of Virchow 
was aiways to simplify things as much 
as possible ; and had I been obliged 
to b-y my whole outfit, the cost, in- 
cl:;ciag my microscope, would not 
have exceeded seventy-five dollars. 
In the future I may have more to say 
upon this subject. 

H. Hatch, M. D. 

QUIXCY, Ills. 
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Subscribers in Great Britain. — 
For the benefit of subscribers in Great 
Britain, we are pleased to announce 
that we have made arrangements with 
Mr. W. P. Collins, Bookseller, of Lon- 
don, so that he will act as our author- 
ized agent, through whom all busi- 
ness connected with the Journal 
can be transacted. He will have full 
sets of the Journal constantly on 
hand, and will be able to furnish back 
numbers of the present volume more 



promptly, periiaps. than we could 
possibly do if orders were sent di- 
rectlr to us. 

We hope this arrangement will 
prove entirely satisfactory to our sub- 
scribers in Great Britain. 

o 

Ruled Baxds. — Some gentlemen 
in Elmira have been amusing them- 
selves by resoh-ing ruled plates. 
Drs. Gleason and Up de Graff have 
resolved the eighteenth band of 
Fasoldt*s plate, which is said to have 
120,000 lines to the inch. Dr. Gleason 
has stated this so posiHvely that we 
cannot doubt the resolution of that 

: band, but before we are convinced 
that lines as close as 120,000 to the 
inch have been resolved, we must 

. have satisfactory proof that the lines 

; of that band are ruled so close as 
that. Such proof can be given by 

\ photography, and when Dr. Gleason 
returns from Florida, where he has 
gone to shoot alligators, we hope he 
will have the band photog^phed and 
the lines counted. 

We shall discuss the subject of re- 
solution more fully next month, 
and endeavor to indicate the value of 
ruled plates as tests for objectives. 
Just now we wish to ask some ques- 
tions in regard to Mr. Fasoldt's an- 
nouncement that he can rule, and has 
ruled, a band having 1,000,000 lines 
to the inch. It seems that Mr. Fa- 
soldt sets his machine to rule lines in 
that proportion, and then asserts that 
the lines are rul^d because they show 
the diffraction spectra. The question 
we wish to put to Mr. Fasoldt, and 
to the scientific world, is this : Are 
those spectra any proof of the pre- 
sence of separate lines ? 

We would like Mr. Fasoldt to in- 
form us how fine the individual lines 
of his wonderful plate are ? If the 
plate has 1,000,000 lines to the inch, 
the individual lines cannot be broader 
than half a millionth of an inch ! 
Can such fine lines be ruled ? Then 
it is a question in mechanics, whether 
a tool can be made so steady that it 
can draw a line without a tremor of 
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half a millionth of an inch — ^for if 
not, then the lines of the plate must 
run together. 

In regard to our first question, we 
have already some evidence that Mr. 
Fasoldt's assumption is not justified. 

Prof. W. A. Rogers ruled a 
plate with his machine set for 500,000 
lines to the inch, making every fifth 
and tenth line longer than the rest. 
He then measured the long lines, where 
they projected from the band, and 
found that they were so broad, that 
they overlapped each other, leaving 
no spaces between them. Evidently, 
therefore, the band of 500,000 lines 
did not consist of distinct lines. The 
spectra were, nevertheless, clear and 
bright. Hence, we are forced to con- 
clude that the spectra do not prove 
that Mr. Fasoldt's plate contains 
1,000,000 lines to the inch. 



Illumination and Resolution. 
—It is not unfrequently the case, as 
we have had sufficient reason to know, 
that when a person first tries to re- 
^^ve the AmphipUura pellucida^ or 
some other difficult test-object, with 
an objective that is quite capable of 
sWing the lines, the result is very 
unsatisfactory. Sometimes the lines 
cannot be seen at all, and we have 
Jtnown persons to own such objectives 
for months, without being able to show 
fJie lines. There is a " knack " about 
it, to be sure, but it is by no means dif- 
ficult to acquire. In most cases the 
fault is entirely in the illumination. 
^ adjustable objective will not re- 
solve well unless the proper adjust- 
nient is made, and the lines on a deli- 
cate test-object cannot be seen with- 
out careful focussing — all this is well 
understood at the beginning. Never- 
theless, in most cases the greatest 
difficulty met with by the novice is in 
the management of the light. A few 
suggestions concerning this matter 
roay prove of assistance to some of 
our readers. 

One may sit at a table and put the 
elbow on the partly opened drawer, 
and hook the heel of the left foot over 



the front round of the chair, as Prof. 
J. Edwards Smith has directed in his 
celebrated book. But we can assure 
the reader that lines on a A, pullucida 
can be reasonably well seen without 
any such formalities. In truth, one 
of the best resolutions we ever saw 
was shown by Mr. Herbert Spencer, 
in his shop at Geneva, with light from 
a cloudy sky, the microscope stand- 
ing on a packing-box, which was also 
used as a seat, if we recollect aright. 

The novice will not succeed as well 
by daylight as with light from a lamp, 
and the simple, low hand-lamp with 
a fiat wick is the best of all. A stu- 
dent-lamp is not good for this work. 
To get the best result, remove all 
substage accessories and also the 
mirror. Then fasten the Woodward 
prism, hemispherical lens, or what- 
ever attachment may be used in their 
stead, to the test-plate with glycerin. 
It is a good plan to paste a strip of 
paper on the back of the slide for the 
side of the prism to rest against. This 
prevents the prism from sliding down 
if the glycerin does not hold it well. 
The microscope should now be ar- 
ranged so that the source of light will 
be as nearly as possible at a right- 
angle to the axis of the tube. If the 
stand is a low one it may be raised 
on a cigar box. Place the lamp about 
a foot from the centre of the stage, 
on the left, with the edge of the fiame 
toward the stage. Then introduce a 
small condensing lens and focus the 
flame carefully upon a piece of white 
paper placed upon the stage. Then 
put on the slide, with the prism attach- 
ed, and it will not be difficult, by slight 
changes in the position of the lamp 
or bull's-eye, to make the lines 
visible. 

It is much more easy to make a 
resolution in this way than by using 
the mirror. It is necessary to have a 
sharp point of light upon the object 
in order to get the best resolution, 
and if the mirror is used it should be 
carefully focussed upon the object. 
However, a large mirror is very diffi- 
cult to use in this kind of work, for 
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there is a flood of light from it, which 
is detrimental to good resolution. 

o 

A New Form of Vertical Illu- 
minator. — A propos of the article we 
print this month, it may be well to 
once more call attention to the inge- 
nious device of Prof. W. A. Rogers 
(we believe it was invented by him), 
made by Mr. Tolles. We refer to the 
reflecting prism fitted into the object- 
ive just back of the front lens. By 
throwing light upon the exposed face 
of the prism, it is reflected down 
through the front lens upon the ob- 
ject, and certainly gives a most excel- 
lent illumination. Prof. Rogers has 
used it in the examination of his ruled 
plates with great satisfaction. A 
member of the New York Microsco- 
pical Society, Mr. James Warn ock, has 
recently received from Mr. Tolles, a 
J-inch objective of large aperture, 
with this attachment, which gives a 
fine definition of the lines on Amphi- 
pleura pellucida. Before long we in- 
tend to allude to this subject again, 
and to give an account of a compari- 
son between this and the common 
vertical illuminator. 

Meanwhile, we wish to suggest 
another form for a vertical illmin- 
ator, which, it seems to us, might 
prove to be better than the ordina- 
ry one, and certainly more conve- 
nient for use. It was first de- 
scribed at the meeting of the New 
York Microscopical Society, held 
March 3d. Instead of the reflector 
now used, we suggest a small glass re- 
flecting prism to be placed in the 
nose-piece in the same way and in the 
same position as the Wenham binocu- 
lar-prism, and in the case of binocu- 
lar microscopes it should replace the 
latter. The back surface of the prism, 
which receives the light, may be 
either plane or curved — it might be 
found advisable to make this surface 
act as a lens to throw the light upon 
the back of the objective in the most 
advantageous manner for illumina- 
tion. All parts of the prism not used 
should be blackened, so that no light 



except what passes down to the ob- 
jective can enter the tube. A rotat- 
ing diaphragm can be added, working 
in front of the exposed surface of the 
prism ; but this would probably be 
an unnec.essary expense. 

o 

About Stands. — The articles we 
have lately published about stands 
have aroused considerable interest in 
various quarters. The Editors of the 
Botanical Gazette have shown their 
full appreciation of the importance of 
the subject by asking: " Does it follow 
that if such work can be done by or- 
dinary instruments, even more as- 
tonishing results can be obtained by 
using finer ones ? Or, is it a fact that 
the extra appliances, etc., are more 
things of *fuss and feather* than 
fruitful additions to biological labora- 
tories ?" 

The first question we have answer- 
ed clearly enough. The second de- 
serves a little more attention. Some 
accessories are certainly important, 
but there is a long list of them which 
embraces many that are quite useless 
for purposes of investigation, and 
very many others that are mere con- 
veniences — good articles to have if 
one can well aiford them, but which 
are not required. 

It would, perhaps, surprise many 
novices to learn how very few of the 
accessories in our catalogues are of 
great practical utility for purposes of 
investigation. These few, however, 
are almost indispensable for some 
kinds of work; therefore, we have ad- 
vised the purchase of microscopes 
with substages in every case. 

o 

New Sponges. — In the Proceedings 
of the Academy of Natural Sciences^ 
of Philadelphia, Mr. Edw. Potts has 
two short notes about fresh-water 
sponges. He considers that the 
characteristics of the statospheres and 
their spicules furnish the only reli- 
able distinctions between the fresh- 
water sponges. Some American 
forms differ from the typical English 
species, both in the shape of the spi- 
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cules and in their arrangement, but 
it is uncertain whether these will re- 
quire new generic names, or if they 
should be included in Carter's genera. 
An American form allied to J/iry- 
eniay Carter, has led Mr. Potts to es- 
tablish the genus Heterotneyeniay in 
which the shafts of the birotulate 
spicules are not uniform in length. 
Another new genus, Carterella^ has 
been made, to include a form describ- 
ed by Mr. Potts last year, before the 
Academy, as Spongiila tentasperma^ 
and mentioned on page i6, of Vol. II 
of this Journal. The distinguishing 
peculiarity of this genus, that the 
tube surrounding the foramen of the 
statosphere is elongated, and divides 
into 2-5 long tendrils by which it re- 
mains attached to stems or roots dur- 
ing the winter, reminds us that prob- 
ably it was a form of this genus that 
we found in the Lehigh River, near 
Bethlehem, last summer, during a few 
days sojourn with Mr. Wolle. The 
elongated, branching tube puzzled us 
at the time, but it seems clear enough 
^ow that the form we observed 
was Carterella tenosperma. Another 
species, C tubsiperma^ having a still 
longer tube, was discovered by Prof. 
Micott and Mr. Henry Mills, of 
Buffalo. A third species, C latitenta, 
with long, broad, fiat and ribband- 
like tendrils, has been found by Mr. 
Potts, which he states to be the most 
conspicuous and peculiar of our 
American forms. 



Mounting. — It seems to us quite 
an unfortunate circumstance that 
many of our most able investigators 
with the microscope regard mounting 
as a difficult and troublesome opera- 
tion. It is seldom that any of them 
deny the value for future reference, 
ofthe preparations they make, and fre- 
quently we hear them express regrets 
that they cannot refer to some speci- 
nien that has not been preserved, 
either to verify a previous observa- 
tion or to supplement it by further 
examination. While we do not ad- 
vise that specimens should be preser- 



ved without regard to their intrinsic 
value — a course too often followed 
by amateurs, which eventually results 
in a grand cleaning up of slides of 
worthless preparations — there can be 
no doubt that in the course of regu- 
lar work many specimens are found 
which show different points of struc- 
ture far better than these can be 
demonstrated a second time by days 
of labor. In this article we have es- 
pecially in mind those busy, profes- 
sional men who value every moment 
of their time, and who, not having 
learned any simple process for mount- 
ing, are discouraged from attempting 
it by the multiplicity of processes and 
cements given in the books. To them 
we wish to say, that with a turn-table, 
only two cements, a bottle of Canada 
balsam, a few needles mounted in 
wooden handles, some slides and cov- 
ers, and a few simple articles that are 
sure to be at hand, any specimen 
whatever can be mounted in five 
minutes, or at least so preserved on a 
slide that the finishing touches may 
be added at any convenient time. 

For almost every specimen that re- 
quires to be mounted in a fluid, such 
as glycerin, water or other preserva- 
tive, the only cement necessary is a 
simple solution of shellac in alcohol. 
The proper method of using this has 
already been described in this Jour- 
nal (Vol. I, p. 149). 

It has stood the test of long use, 
and the practical operations of mount- 
ing are expeditious, and exceedingly 
simple to carry out. Shellac cement 
is one of the best and most reliable 
cements known; it hardens rapidly, 
and it is even practicable to prepare 
a cell of considerable depth, and to 
use it for mounting within an hour. 
The use of shellac alone, however, is 
liable to the objection that it becomes 
brittle, and the cover-glass is then 
easily detached if the slide is drop- 
ped. To prevent such a mishap, the 
slide should be finished with a mix- 
ture of equal parts of asphalt and 
gold size. 

Instead of cementing the cover- 
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glass with shellac, it is sometimes 
done with hard Canada balsam dis- 
solved in benzole. This is an excel- 
lent plan when the preservative fluid 
is water or an aoueous solution of 
some chemical substance. However, 
usually shellac alone is sufficient. 

As to the operations of mounting, 
very little practice is necessary. The 
time required is reduced to a mini- 
mum if all the apparatus required is 
placed in a single box, and kept ready 
for instant use. We have followed 
this plan for years, and whenever we 
are looking over a collection from a 
stream or pond and find a rare or 
especially interesting specimen that 
we wish to preserve, we have merely 
to take down our mounting-box and 
turn-table, and, without losing a min- 
ute of time, proceed with the mount- 
ing. 

Finding, for instance, a species of 
algae, we select a slide having a ring 
of shellac previously prepared upon 
it, and place it on the turn-table. 
Then a fresh coat of shellac is added 
and a drop of preservative placed in 
the center. The alga is then trans- 
ferred to the slide and the cover-glass 
immediately applied "and pressed 
down around the edges, the superflu- 
ous moisture wiped off, and the cover 
sealed down by another coat of ce- 
ment. The slide is then ready to be 
put away until a convenient time for 
finishing it with the asphalt and gold- 
size. 

Mounting in balsam is also a sim- 
ple operation, and has been fully de- 
scribed inthisJouRNAL(Vol. I, p.i6i). 

We trust the suggestions of this ar- 
ticle will not be lost sight of by pro- 
fessional men. Five or ten minutes 
occasionally devoted to the mounting 
of specimens may result in great satis- 
faction afterward. 



The Cause of Diphtheria. — Sup- 
plement No. 1 7, of the National Board 
of Health Bulletin^ contains the full 
report of the studies of Drs. H. C. 
Wood and H. F. Formad, conducted 
during the years 1880 and 1881. The 






" Bibliographical Introduction " gives 
a number of references to important 
articles written both in favor of and 
opposed to, the idea of a fungoid 
origin of this disease. The second 
chapter relates to studies upon the 
human subject. It is here affirmed 
that the micrococci of diphtheria can- 
not be distinguished by microscopi- 
cal examination from such as are 
found in cases of ordinary throat in- 
flammation, or furred tongue. To de- 
termine whether micrococci are al- 
ways present in diphtheria, a large 
number of cases were examined, em- 
bracing those of a mild and of a ma- 
lignant nature. In the mild form of 
the disease, and even in the less se- 
vere cases of the malignant type, 
micrococci are usually not found in 
the blood; but in the severe cases 
the blood always contains them. It 
is possible, however, that the micro- 
cocci find their way into the blood 
through the lymphatics, and they 
may not have time, therefore, to enter 
the blood before death ensues. 
This supposition is strengthened by 
the fact that they have been observed 
to appear in the blood some hours 
after death; but more direct evidence 
on this point is still wanting. Micro- 
cocci have been sought for in the 
blood of persons suffering from other 
diseases, but they have only been 
found by the authors in three cases, 
and even these may have been of a 
diphtheritic nature. 

The third chapter treats of the 
pathology of diphtheria. It opens 
with a direct contradiction of the 
opinion quite generally held, that 
diphtheria and pseudo-membranous 
croiip are distinct diseases, and the 
reasons for the position thus assumed 
are clearly stated. 

The micrococci found in the diph- 
theritic false membrane are always of 
two sizes, probably representing dif- 
ferent stages of development. The 
smaller usually infest the leucocytes, 
while the others form zoogloea- 
masses, infesting or destroying the 
epithelial cells. The number of mi- 
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crococci was always proportionate 
to the intensity and stase of the dis- 
ease. Rod-bacteria, which have been 
described by other authors as associ- 
ated with this disease, probably do 
not appear until the membrane begins 
to putrify. 

The larger micrococci range in 
size from ikW to tAt of an inch in 
diameter. In culture experiments, 
the smaller ones, which infest the leu- 
cocytes, after a period of active move- 
ment, soon become still, and the cor- 
puscles burst, allowing the enclosed 
contents to escape as a zooglcea-mass 
of micrococci, each of which mea- 
sures about ^vhnf of an inch. After 
twenty-four hours the individual mi- 
crococci are set free. These soon 
begin to multiply by division, which 
may be continued for five genera- 
tions, but after that the multiplication 
is much less rapid. A temperature 
of 37* to 40** C, is most favorable for 
their multiplication, but at 70** C, 
they do not lose their vitality. 

Some inoculation experiments with 
rabbits, material from the mild form 
of the disease being used, frequently 
led to a secondary form of tubercu- 
losis, but very rarely to a form of 
diphtheria. When the poison from 
tht more malignant type was used, 
however, the results were quite differ- 
ent, although not conclusive in prov- 
ing that the disease thus engendered 
in rabbits is true diphtheria. 

As a result of many experiments, 
it was concluded: "That both septic 
animal matter and non-organic irri- 
tants placed in the trachea cause 
pseudo-membranous trachitis which 
we have failed to distinguish from 
diphtheritic trachitis, the membrane 
in both cases containing micrococci. 

We cannot do full justice to this 
valuable report in the short space at 
our disposal, but we have endeavored 
to give a fair outline of the work re- 
corded, so that those who are interest- 
ed in the subject may form some idea 
of the results attained. There is much 
that still remains to be done before 
the subject is fully elucidated, and 



we trust the National Board of Health 
will encourage the prosecution of the 
work. 



Tuberculosis. — M. Toussaint re- 
cently made some remarks upon 
tuberculosis, at the French Academy 
of Sciences, which are of interest in 
connection with the preceding article. 
While admitting that lesions can be 
produced at will resembling tuber- 
culosis, by inoculation with inert sub- 
stances, M. Toussaint asserts that the 
disease thus engendered is not a true 
tuberculosis, and the seemingly tuber- 
culous matter obtained from it does 
not reproduce the disease by inocu- 
lation. The histological appearances 
supposed to be characteristic of this 
disease are, therefore, fallacious. 

True tuberculous matter can re- 
produce itself indefinitely, and the 
more often it is inoculated the more 
virulent it becomes. 



Bulletin of the Museum of 
Comparative Zo5logy. — This pub- 
lication, from Harvard College, de- 
serves to be ranked as one of the most 
valuable scientific publications of the 
country. The importance to the zoo- 
logist of the articles that have been 
published during the last two years 
or more, relating to the dredgings un- 
der the direction of Prof. Alexander 
Agassiz, cannot be overestimated. 
That we have not mentioned the re- 
sults more frequently ih these col- 
umns, is owing to the nature of the 
contributions which are only valuable 
in their complete form as published — 
not from any want of appreciation of 
their value on our part. 

We have before us a volume of 625 
pages and five large lithographic 
plates, entirely taken up with a con- 
tribution from E. L. Mark, on the "Ma- 
turation, Fecundation and Segmenta- 
tion of Limax Campestris." We be- 
gan to read this with the intention of 
giving a synopsis of the work, but it 
was too great a task. The mono- 
graph is one of the greatest interest, 
and it is so clearly written that we 
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recommend its careful study by those 
who desire to obtain an insight into 
the methods and results of embryo- 
logical study. 

Numbers 1-5 of volume IX of the 
Bulletin comprise several reports of 
the dredging under the supervision of 
Prof. Agassiz in the Gulf of Mexico. 
Among these are found a description 
of new species of Asterias by Prof. E. 
Perrier; a preliminary report on the 
Mollusca, by W. H. Dall, and a very in- 
teresting letter from Prof. Agassiz on 
the distribution of living forms about 
Key West and the Tortugas. 

o 

Nuclei and their Structure. — 
In Zoologischer Anzeiger Prof. Bal- 
biani describes some curious struc- 
tures in the nuclei of the salivary cells 
of the larva of Chironomus plumosus 
which correspond with similar struc- 
tures observed by him in the nuclei 
of certain other cells. In the large nu- 
clei of the cells he describes two large 
nucleoli with vacuoles, and besides 
these a pale body, having the form of 
a cylindrical cordon variously twisted 
upon itself like an intestine. It has 
a diameter about 0.015 ^™- Usually 
it is free in the cavity of the nucleus, 
but in old larvae it is often broken 
into fragments, which may be either 
free within tbe nucleus or fixed by 
one extremity to the envelope of the 
nucleus. When the cordon is continu- 
ous, each of its extremities ends in one 
of the nucleoli. Its substance is not 
homogeneous, but exhibits transver- 
sal striation as though made up of 
alternate discs of clear and less trans- 
parent material. It is said that these 
structures can be readily seen in the 
fresh cells, and, so far as we can learn, 
without chemical treatment. 

Prof. Balbiani describes the action 
of certain re-agents upon the cells. 

The structure described seems so 
remarkable that we would like to 
learn whether others can verify the 
observations of Prof. Balbiani. 



The Microscope. — As we are not 
slow to condemn what seems unwor- 



thy, we are more ready to commend 
what is good. We are, therefore, 
pleased to notice the greatly improved 
character of Prof. Stowell's journal, 
The Microscope^ as revealed in the 
February number. In it we find no- 
thing to condemn, and we trust this 
may always be the case in future. 
May we not take some credit to our- 
selves for this improvement ? 

NOTES. 



— The office of the Scientific American 
was destroyed by fire on the morning of 
January 31st. Within two hours after 
the fire, new and commodious offices were 
leased, not far from the old place, and the 
business of the publishers has suffered 
but little interruption. Such promptness 
and enterprise deserves commendation. 

— We are indebted to Messrs. J. W. 
Queen & Co. for two very excellent micro- 
photographs which, we believe, were made 
expressly for them. One is of the late 
President Garfield, and the other of Mr 
and Mrs. Garfield. The original of the 
former is by Sarony, the others were taken 
by J. F. Ryder & W. J. Baker, of Colum- 
bus. The price of these slides is 60 cents 
each. 

— The eighth part of the Micrographic 
Dictionary is now in the hands of sub- 
scribers. The last subject treated is "Cy- 
clops," and about one-third of the work is 
now issued. The numbers have been is- 
sued with great regularity, and they are 
fully up to the standard of excellence de- 
sirable in such a work. All the new plates 
are valuable and accurate. Our subscrip- 
tion list is already longer than we expected 
it would be, and we are glad to notice this 
as an indication of the increasing interest 
in general microscopy in this country. 

— We are pleased to notice that Dr. J. 
W. S. Arnold has offered his services to 
microscopists who desire photographs of 
microscopical preparations. We have fre- 
quently been asked where such work could 
be done, but have never been able to give 
the desired information. Now, however, 
those that cannot draw well, can have their 
specimens photographed, and thus prepare 
illustrated articles for publication, or for 
other purposes. 
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IICBOSCOPIOAL SOCIETIES 



There seems to be very little activity 
among the microscopical societies of the 
country, judging from the small number 
of reports of meetings that come to us, 
and the dearth of interesting matter in 
most of those that do come. We are forced 
to the conclusion that either the societies 
are doing very little or else they have very 
inefficient secretaries. What has become, 
for instance, of the San Francisco Society 
which, at one time, was one of the most 
active, owing to the energy of some of its 
members ? Is that society dying out, as 
many others have in the past ? We might 
ask the same question concerning several 
others, but this being the most prominent, 
will justify our assertion that there is a 
falling off of interest in society meetings. 

However, there are several societies mat 
have been, and still are doing very excel- 
lent work. AiTiong these are the Elmira, 
the Illinois State, and a few others. The 
New York Society is slowly making its 
way to the position it should hold, as the 
leading society in the country. 

At the meeting of that society held Feb- 
ruary 17th, a number of interesting ob- 
jects were shown. The President, Mr. 
taan, showed a specimen of Gordius, 
the hair-worm, about three inches in 
length. Mr. Dinwiddle remarked that he 
had observed the eggs deposited in chains, 
^^r. Hitchcok called attention to the peri- 
odicity which characterized the appear- 
ance of the iilarian worms in the blood of 
persons suffering from disease. 

As it is expected that a more full ac- 
count of this worm will be given at a 
future meeting, we postpone further no- 
tice until that time. 

Mr. Shultz exhibited a good specimen 
or Eozoon Canadense, the remains of what 
is supposed to be the oldest form of life 
upon the globe. 

Mr. F. W. Devoe showed a very beau- 
tiful object, which was also a new one to 
most of the members. A common newt 
was placed in a suitable holder, so as to ex- 
)ose the under part of the body. A strong 
^ght was thrown upon it and the circula- 
|ion of the blood was thus most beauti- 
fully shown. It should be understood 
that the illumination was from above — 
the newt was examined as an opaque ob- 
ject. 

Mr. W. H. Mead showed the lines on 
^^phipleura pellucida with a Zeiss 
homogeneous ^V-ii^ch, belonging to Mr. 

Hitchcock. 



At the last meeting, held March 8d, 
Mr. J. D. Hyatt gave an interesting ac- 
count of his observations on the boring 
sponge, which will be printed in full in our 
next number. He presented strong evi- 
dence that the sponge makes the burrows 
in which it is found. His conclusions 
were based upon the study of living speci- 
mens. The subject was illustrated by 
specimens of marble and oyster shells, 
which had been penetrated by the sponge. 

Remarks were made by several mem- 
bers, and by Prof. D. S. Martin. 

Mr. Hitchcock described a new device 
for a vertical illuminator. 

Mr. Hyatt exhibited a section of a 
"nummulitic flint," and sections of flint 
showing a hexagonal structure, which he 
thought was due to a fossil coral. 

Some beautiful objects were shown by 
Mr. Mead, Mr. Devoe and Mr. Van Brunt, 
for the comparison of some 1-inch objec- 
tives by different makers. 

Mr. Kunz spoke of the use of cinnamon 
oil for the examination of rough minerals. 
By applying a few drops of oil to the sur- 
face of a transparent mineral it is possible 
to examine the interior for inclusions, 
flaws, etc., without grinding the surface 
flat. Sand can thus be examined for in- 
clusions under the microscope. 

Six new microscopes which a special 
committee, appointed at the last meeting, 
had purchased for the Society, were used 
for the fii^t time. Mr. Van Brunt pre- 
sented three student lamps. 

At the next meeting Mr. Hyatt will 
speak of some points in the structure of 
tne boring anelid. 

At the last meeting of the CAMDEN So- 
ciety, the different methods of drawing 
microscopic objects were illustrated, and 
discussed at considerable length. Mr. 
Morrison showed an arrangement, on the 
plan of a camera obscura, by which the 
image was thrown upwards upon a piece 
of transparent paper placed upon a plate 
of plain glass. It could then be traced 
without the fatigue to the eyes which at- 
tends the use of the camera lucida. Mr. 
Kain showed a method of throwing the 
image downward by means of a convex 
mirror, and receiving the magnified image 
upon a sheet of white paper placed upon 
the table. It could then be traced without 
difficulty. 

The officers for the present year are as 
follows : President, A. P. Brown ; Secre- 
tary, C. Henry Kain ; Treasurer, L. T. De 
Rousse : Curator. J. P. R. Carney ; Mana- 
gers, H. S. Fortiner; Charles Bowden, 
Robert Patterson. 
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NOTICES OF BOOKS. 



Practical Microscopy, — By Geo. E. Da- 
vis, F. R. M. S., F. I. C, F. C. S., etc., 
London. David Bogue, 1882. (Cloth, 
pp. 335. 357 Illustrations. $3.00). 

Recognizing the need of a book of a 
practical nature for beginners in micros- 
copy, the author has endeavored to adapt 
this volume to their wants. 

The first chapters are devoted to gene- 
ral statements of the principles upon which 
microscopes are made, and also short de- 
scriptions of the principal stands of Eng- 
lish makers, with profuse illustrations. 
Though mentioning some of the better- 
known American manufacturers, the au- 
thor does not describe any of their instru- 
ments, with a single exception, and seems 
not to be acquainted with the various 
American stands of the higher grade, for 
he makes the rather remarkable statement 
that the difference in cost of the English 
and American stands is due to the supe- 
rior workmanship of the former. 

The preceding chapters are devoted to 
short, but very concise descriptions of the 
various accessories and instructions for 
their use. Throughout the book the au- 
thor lays great stress upon the compara- 
tive value of the various accessories and 
materials for work, advising the student 
not to encumber himself with a host of 
expensive accessories which, though use- 
ful to the expert and professional man for 
saving time and labor, are of comparatively 
little value to the student, and always in 
his way. 

Chapter V is devoted to general remarks 
upon objectives ; defining very explicitly 
the terms "working-distance," "definmg 
power," "flatness of field, and freedom 
from distortion " " penetrating and resolv- 
ing power." Numerous tables and dia- 
grams, and illustrations of test-objects are 
given. The difference between low and 
wide-angled, and dry and immersion ob- 
jectives is also explained and the relative 
value of each discussed. 

Under the head of " Collection of Ob- 
jects," the various modes of collecting,, 
and the implements used, are described. 

Considerable space is devoted to dissec- 
tions and section-cutting, giving many 
formulae for preparing objects, and the 
mode of procedure, together with a de- 
scription of the various instruments em- 
ployed. 

Micrometry and photo-micrography are 
concisely described, and the instructions 



for photographing with complete formulae 
for the preparation and development of 
plates are worthy of careful attention. 

The micro-spectroscope is explained, 
and figures of ten spectra are given. 

The processes of staining, injecting and 
mounting are described at considerable 
length. 

The indexs is very full and complete, oc- 
cupying eleven pages. 

It is a book which we can recommend 
to all who desire to make themselves fa- 
miliar with the microscope, and is written 
in a very readable and interesting style. 

H. H. 



Exchanges. 



[Exchanges are inserted in this column without 
charge. They will be strictly limited to mounted 
objects, and material for mounting.] 

Unmounted Foraminifera from the north of Ireland 
for mounted objects. T. B. ]ENNINGS, 

Signal Office, Springfield, Ills. 



Diatoms, recent, fossil and in situ ; algae, ferns, and 
much other first-class material to exchange for first- 
class material of any kind, prepared material, and 
particularly foreign diatoms, recent and fossil 
preferred. M. A. BOOTH, Longmeadow, Mass. 



Havinz secured a supply of the microphotographic 
films used for transmittmg news by pigeon-post during 
the siege of Paris, I will take pleasure in sending an 
unmounted specimen, suitable for microscopic use, to 
any person who will send me a stamped and directed 
envelope for that purpose. R. H. WARD, M. D., 

53 Fourth Street, Troy, N. Y. 



Well-mounted slides of Pathological and Histolozk- 
cal specimens^ injected and otherwise, in exchange for 
Insects, Polanscopic or Pathological slides. 

FRANK P. HUDNUT, Orange, N. J. 



A slide of well-cleaned Efithemia turgida offered 
for any other wcU-mountea object or material. 

H. S. WOODMAN, P. O. Box 87, 
Brooklyn, E. D., New York. 



A beautiful collection of wild seeds of Central Ohio 
to exchange. List furnished on application. 

F. O. JACOBS, Newark, Ohio. 



Well mounted Diatoms, etc., in exchange for first- 
class slides, or material. W. H. TIvY, 

6th and Olive Streets, St. Louis, Mo. 



Well mounted Diatoms on Alga, Polycistina, Zoo- 
phytes various, and other mbcellaneous objects for 
other well mounted objects. Mounted Insects or parts 
of Insects preferred. W. FARNELL, 

125 Walnut Street, Macon, Ga. 



For a packet of frustules of Biddulphia Itevis^ send 
slide, or unmounted specimen to 

K. M. CUNNINGHAM, 

Box 874, Mobile, Ala. 
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Home-made Apparatus for Col- 
lecting, 

As the collecting season once more 
draws near, the description of a very 
convenient bottle-holder which I de- 
vised and used last season, may not 
come amiss. Select an ordinary gim- 
let-pointed wood-screw of the proper 
size, flatten the heaid — or have the 
blacksmith do it for you — then cut a 
narrow strip of sheet-brass, bend it 
round the bottle you intend to use, 
turn the ends at right-angles to the ring 
and let them project about }i of an 
inch, place the flat head of the screw 
betveen them, and fasten all together 
witU copper-rivet. You then have 
an instrument somewhat resembling a 
pocket cork-screw that can be readily 
aWed to an ordinarv cane, or any 
convenient stick (fig. 22), first winding 




I # ^SWfW^^^^'^ 



Fig. 22. 

the stick for a short distance with 
strong twine to prevent splitting. A 
ring for a net, hook-knife, or a spoon 
can also be made in a similar way. 

I also find an ordinary gimlet- 
pointed closet-hook screwed into a 
stick, very handy for securing plants 
floating in the water. 

E. L. Cheeseman. 

KOWLESVILLE, N. Y. 



Telescopic Field and Micro- 
scopic Aperture. 

BY HON. J. D. cox, F. R. M. S. 

The discussion of the question of 
angular aperture has resulted in a 
general agreement among scientific 
men that apertures in excess of the 
maximum for dry glasses, are both 
practicable and useful; and there is 
a strong tendency to accept Profes- 
sor Abbe's numerical aperture as a 
convenient standard by which to ex- 
press the comparative apertures of all 
objectives, because it reduces them to 
a common measure of the number of 
rays which may pass from the illumi- 
nated object in front of the lens, to 
the image at the aplanatic focus be- 
hind it. 

Accepting these results, there still 
remains the question: What is the cor- 
rect method of measuring this aper- 
ture ? From a former generation of 
microscopists we have inherited the 
habit of measuring the angular aper- 
ture of the microscope by an angle of 
which the apex is the centre of the 
microscopic field of view, and whose 
sides bound the telescopic field of 
view when the microscope is turned 
into a telescope, either by removing 
the ocular and looking down the tube 
with the naked eye, or by substitut- 
ing a terrestrial eye-piece in its place. 

The old sector table is the basis of 
measurement for all the apertometers 
in use, and the principal modification 
since made, consists in the addition 
of a semicircular disc of crown-glass, 
or a hemisperical traverse lens, by 
which the angle of aperture in glass, 
or in a homogeneous-immersion me- 
dium, may be directly measured. It 
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is usual to direct that the objective 
shall be focussed upon an object at 
the centre of the disk or traverse 
lens, so that the sides of the angle, 
including the telescopic field, may be 
radii from the optical centre of the 
apparatus. The chief purpose of this 
article is to show some reasons, based 
upon experiment and upon the com- 
mon principles of geometric optics, 
for thinking that the telescopic aper- 
ture, however correctly measured, is 
not the microscopic aperture. In 
other words, the telescope and the 
microscope, though having most of 
the lenses in common, are not the 
same instrument, and have not the 
same angle of aperture. 

In objectives of high power and of 
very short working-distance, the dif- 
ference referred to is so small that it 
may be practically neglected; but 
with low powers it is large enough to 
detract from the usefulness of the 
common methods of measurement, 
and if the graduated glass disc or 
traverse lens is used with a terres- 
trial eye-piece, in the manner above 
referred to, even absurd results may 
be reached. 

In the discussion of the methods of 
measurii^g the angle of aperture, atten- 
tion was naturally fixed upon glasses 
of high power and wide angle, because 
the controversy centered about the 
possibility of increasing the aperture 
beyond the maximum in air. From 
time to time, however, complaints 
were made by one and another that 
the measurement of low-power glasses 
was unsatisfactory, and that different 
apertometers gave very different re- 
sults. All sorts of reasons were given 
for accepting the new and rejecting 
the old methods. The use of slits 
and stops to shut off extra rays, sup- 
posed not to be " image-making," the 
determination of the "available front" 
of the objective, the necessity for a 
stop or diaphragm behind an object- 
ive used in the draw-tube to make a 
terrestrial eye-piece — these and other 
problems have been examined and 
discussed; but the examination of the 



microscopic field itself, and the con- 
ditions of use of the microscope when 
used as such, seem to have been neg- 
lected. 

The natural reason for such neg- 
lect is found in the fact that the mea- 
surement of the telescopic field is easy 
for all lenses, whilst only the lowest 
powers can be conveniently examin- 
ed in an analogous way, for the pur- 
pose of determining the relation of 
microscopic field to angle. The re- 
sults I shall here state are the out- 
come of a determination to see what 
these low-power lenses can tell us upon 
this subject. It appears, as is usual 
in such cases, that actual experiment 
drew attention to some very simple 
applications of familiar principles, 
which seemed to have been over- 
looked in the discussion. 

Among these, as preliminary, I will 
state two. The first is the principle 
applying to conjugate foci, and no 
better form can be given it than that 
which Professor Abbe has used in his 
article on the apertometer. " Let L 
" be any system of lenses which takes 
" in and transmits rays from different 
" objects, and O, O', two limited areas 
" in planes perpendicular to the axis, 
" situated at conjugate points of the 
" axis and conjugate one to another 
"as to their linear extension, then 
" all the rays entering the system L 
"through the area O will leave the 
"system through the area (/] and 
" no single ray can emerge from L 
"through the area C/ which hajj 
" not entered L through the area (f \ 
"from whatever object the rays con-^ 
" sidered may start or toward whal^ 
" ever points they may proceed.' ■ 
The second is enunciated in most of 
the elementary treatises on optics, 
and is the simple proposition that in 
order to form an image behind a lens, 
a luminous object of appreciable size 
is not placed in the principal focus 
of the lens, but some distance further 
from its front. 

* Journal Royal Micros, Soc, l88o, Part 
I, p. 20. 
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L«l us now look for a moment At 
the difference between the telescopic 
and microscopic fields and at the dif- 
ferent wars of regarding them. Let 
If, in fig. 13, be a lens through which 
the rays from a microscopic object 
[ab) form an image of this object 
[n'/jatthe conjugate aplaiiatic fo- 



£ and d. It is also evident that as of 
approaches the lens, as when the tube 
is shortened, its conjugate focus o re- 
cedes from it and the angle c o ^be- 
comes smaller. Leaving out of con- 
sideration, for the present, any other 
cause of variation, it is clear that the 
angle of the telescopic field diminishes 



<:us.lTh is enlarged image is, of course, 
namiiied bymeans of Uiemicroscope 
ty^piecc. But remove the ocular 
and apply'the naked eye to a small 
brie at o (or substitute a telescope 
frepiece) and we see, not a b, but 
"bjects remote and in the telescopic 
Gelt) ( d, by means of the image of 
tbi field which is formed behind the 
nbJKtive, but quite close to it, and at 
t^culanatic conjugate focus of c d, 
'^^•c i . This image is a real im- 
^>ud its size and distance from 
l^f tack of the lens depend upon the 
distance oi £ d from the front of the 
(eos, but it is bounded, nevertheless, 
oy the marginal rays of the cone /c' f . 
I' will, in fact, be found where the 
«Ts ;■ / and d f cut / o' and \t 0' 
^r lefracUon. This follows strictly 



with the shortening of the tube. 
Another fact is also important. 
Viewed with reference to the image 
^ <f, the ray e c f,\i marginal to the 
coneieJ' and the ray ^0/ is marginal 
to the cone I di". A pin-hole diaph- 
ragm at fi, only large enough to allow 
a minute pencil of rays to pass from 
£ and d respectively, will still suffice 
for the formation of the image e' d"; 
but if farther from the lens than o, 
the field will be rapidly cut down and 
the apparent angle diminished, for no 
ray from e or d can reach the lens 
through the diaphragm after the latter 
has passed beyond tbe'intersection of 
r/ and .<//. The limitations under 
which this will be found true, in prac- 
tice, will be examined hereafter; it is 
now referred to for the purpose of 



ffom the principle of conjugate foci 
already stated, and if be coincident 
"ith the centre of the disc of the 
apertometer, or with the pivot of the 
swinging ann connected with the 
Iraverse lens, the angle cod will 
generally be correctly measured by 
•he degrees upon the sector between 



emphasizing the fact, that the angle 
of aperture of the instrument when 
used as a telescope, is measured by 
the rays passing from the margin of 
the field c d, through 0, to the margin 
of the available front of the lens, and 
thence to the mai^n of the image 
£' d". Starting from the image, under 
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the law of conjugate foci this fact 
may be stated thus: the angle of aper* 
ture is the angle at the principal focus 
for the divergent rays from the im- 
age <^ (ty incident upon the lens / 1* 
and refracted to o, I do not doubt 
that this is a proper mode of deter- 
mining that angle in all objectives 
which form the telescopic image be- 
hind the back-lens. It shows the 
varying size of the field under vary- 
ing lengths of tube, and marks the 
only significant phenomena which can 
properly be called the aperture of the 
telescopic instrument. It does this 
by the examination of the image it- 
self, so that there is no question as to 
what are image-forming rays. 

It seems to me that the same meth- 
od should be applied to the instru- 
ment used as a microscope. But it 
then produces different results. 

The relation of the image to the 
object is the same in the microscope 
as in the telescope. They stand to 
each other in exactly the relation of 
the "two limited areas in plains per- 
pendicular to the axis," at conjugate 
points upon it, as stated in the propo- 
sition already quoted. In both cases 
the examination of the image may be 
made by a properly constructed eye- 
piece, or by the naked eye; for though 
the microscope, as constructed, is not 
well adapted to the latter mode of 
viewing the image, there is no serious 
difficulty in adapting it to that meth- 
od. In the one case we have a com- 
paratively small image of a large, dis- 
tant object; in the other we have a 
large image of a small, but near ob- 
ject. In one case the image is com- 
paratively near the back of the lens, 
in the other it is distant from it. It 
is evident that these variations of 
condition do not affect any principle, 
and that the rays which determine 
the angle of the field in the one case, 
must be exactly homologous to those 
which determine it in the other. 

As we have already seen in the case 
of the telescopic image, the rays which 
determine the aperture are those pro- 
ceeding from the extremities of the 



image ^ d' and by refraction by the 
lens are made to cross at o and reach 
the extremities of the object at c d. 
Trace the homologous rays from J b' 
fig. 24, the microscopic image, and we 
find that they pass the lens and cross 
at o^' reaching the extremities of the 

I object a b. If the former is the mea- 
sure of the aperture of the telescope, 
the latter is that of the microscope. In 
both cases they are the limitation of 
the field by the rays crossing at the 
principal focus for rays having the di- 
vergence or convergence of ^ ? and / 
f and d/Iin the one case, and of a' 
f and b' I in the other. 

The crossing of the telescopic rays 
at o in the centre of the microscopic 
field, is due to the fact that o\ 
taken as the point of view, is in the 
centre of the microscopic image 
a' b\ and as a ^ is the conjugate 
of of b'y must also be that of o*. 
It thus affords an easy way of mea- 
suring the telescopic angle of field, 
or of aperture; but that this is in 
any proper sense the measure of 
the microscopic angle is questionable. 
To apply the method to the micro- 
scope, the natural way would seem to 
be to place a minute hole in a stop 
at y, and, by some proper device, to 
bring this point over the axis of motion 
or the optical centre of the apparatus. 
The distance from o to o^' would then 
be the distance of the object from the 

t principal focus for rays of the con- 
vergence a* f and b' /, according to 
the second proposition laid down at 
the beginning; and the angle thus 
measured is the angle made at the 
principal focus by rays of the given 
convergence on the other side of the 
lens. If there be any significant angle 
in optics, it would seem to be this, 
and it would seem also to be the 
true angle of aperture of the lens, 
if the term has any definite mean- 
ing- 

The results of the practical experi- 
ments with such a pin-hole diaphragm 
will be given presently; but I must 
call attention to the theoretical dif- 
ference between the telescopic and 
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microscopic angles, in the example 
given. 

First — The telescopic angle at o is 
less than the microscopic angle at ^ . 
This results from the primary laws of 
refraction, but is also clear from in- 
spection. The measure of the tele- 
scopic angle is not, therefore, the 
measure of the microscopic angle. 

Second. — The telescopic angle at o 
diminishes with the shortening of the 
tube; that is to say, by the approxi- 
mation of the point ^ to the lens and 
tbe consequent increase of the dis- 
tance between the lens and the con- 
jugate point o. But by the shorten- 
ing of the tube when using the instru- 
ment as a microscope, the field in the 
image a^ 1/ remains of the same 
size, being determined by the field- 
glass of the ocular, and the rays 
U and f a' become more conver- 
gent. They will, therefore, cut the 
axis nearer the front of the lens, and 
the angle at ^" will grow wider as the 
tube is shortened. Thus the effect 
oi shortening the tube is just the op- 
posite in the telescope from what it 
is in the microscope. 

There are reasons, growing out of 
the construction of the instrument, 
which prevent the angle at ^" from 
increasing sensibly when the tube of 
the microscope is shortened. These 
will be noticed hereafter, but in no 
case can the angle at o*' vary in the 
same manner as that at o. The mea- 
sure of the one, therefore, can never 
be the true measure of the other. 

Some interesting facts observed in 
the practical application of the fore- 
going principles are worthy of notice. 
The application was made to four 
low-power lenses, viz.: a three-inch, 
an inch-and-a half, and a three-quar- 
ter-inch, all double system objectives, 
and a one-inch of a " student " series 
having only one achromatic lens. A 
wooden slide with a lar^e hole, had 
the top covered with thm, black pa- 
per, in which a pin-hole was made 
•01 25 (or a little more than a hundredth 
of an inch) in diameter. To get rid 
of the burr around the edge of the 



hole punched with a needle, a little 
dark-colored wax was melted upon it, 
rubbed down thin, and the hole was 
then made smooth and neat with the 
needle heated. This slide was placed 
upon the stage in the usual way and 
a micrometer-scale was fixed to the 
substage to serve as an object. I soon 
found, however, that there was no 
need of the graduated scale upon the 
substage, but a bit of white card- 
board there gave the best light for the 
examination of the field — ^much bet- 
ter, and more free from glare, than 
the illumination from the mirror. The 
purpose in using the paper stop and 
slide rather than a blackened glass 
slide with a slit, was to avoid any re- 
fraction in the glass and to make the 
diaphragm opening circular. In the 
manner stated, I interposed a dia- 
phragm in mid-air between the object- 
ive and the object, and the intent of 
the experiment was to measure the 
angle of aperture of the microscope 
at the principal focus o*', 

I first measured the actual field of 
the objective with the stage-micro- 
meter, using the ten-inch tube and 
the ^-ocular, of which the field-glass 
is slightly over i.i-inch in diameter. 
The working-distance from the top 
of the slide to the front of the object- 
ive was also measured very carefully 
with dividers. A vernier upon the 
body of the instrument would have 
been useful for this purpose. The 
paper diaphragm was then placed 
upon the stage instead of the micro- 
meter, and the hole brought to the 
centre of the field. The tube was 
next racked down until the apparent 
enlargement of the hole was equal to 
the field, as was shown by the round 
and well defined margin of the mount- 
ing of the ocular. If a piece of dark 
cloth was laid over the stage and tube, 
as the photographer shields his ca- 
mera, the growing size of the circle 
of light was very easily observed. 
Removing the diapraghm-slide, but 
leaving the tube in position, the sub- 
stage was then racked up till the di- 
vided scale upon it was in focus. 
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Now, replacing the diaphragm, and 
looking through the tube, the entire 
field was visible through the hole, of 
the exact diameter it had when mea- 
sured in the ordinary way upon the 
stage. The distance from the top of 
the diaphragm to the front of the ob- 
jective was measured, and subtracted 
from the working-distance, giving the 
distance of the object at a from the 
principal focus u", and this with the 
diameter of the field enabled me to 
construct and measure the angle a o" h 
and its equivalent / y /* (fig. 24). 

The draw-tube was then closed, 
making a tube of about sJ^ inches, 
and the same series of measurements 
was made as before. Afer a number 
of experiments, it became apparent 
that the uniformity of the size of the 
field when seen through the dia- 
phragm and without it, was such that 
this test need not be repeated, the full 
illumination of the field-glass of the 
ocular being entirely reliable evidence 
that the pin-hole coincides with 0". 
The substage and the card-board, or 
a white disc over the plane mirror, be- 
ing still useful as giving the white - 
cloud illumination. 

The following table gives the mea- 
surements which were made:* 

ObjecttTEA. LouEob*. Bbartlaber 

8-mch.. 0.39 1.55 .90 .63' "bIS l.JS 
lU".. 0.16 .87 .28 .29 .98 .513 
V "..0.108 .36 .10 .172 .83 .240 
1 ".. 0.13 .97 .88 .195 1.05 .50 
Upon constructing the figures indi- 
cated by these measurements, one of 
the first things that will be noticed, 
is the fact that the principal focus 
approaches the front of the objective 
when the tube is shortened, but with- 
out changing the angle appreciably 
(see fig. 25). It is as if the angle were 
moved toward the objective, its sides 
including a smaller circle on the front 



* In tiansfemng the measurements from llie 
dividers. 1 found a loose vernier veiy useful. 
It consists of a bit of ivory on which .g-inch 
being subdivided into ten parts, this scale 
may De applied to the ordinary scale divided 
to tenths, to that hundredths are read oS at 
once. It can often be used when k diagonal 
scale could not. 



of the lens. That this is in no pro- 
per sense a reduction of " available 
front " will be seen hereafter. 

It might, at first sight, appear that 
this retraction of the principal focus 
was due to the combination of two 
systems in the objective; but it will be 
seen that it occurs in the single lens 
of the one-inch objective as well as 
in the two-system glasses, though not 



Fig. 30 
to the same extent. It is probably 
the effect, in the main, of the dia- 
phragm behind the objective, or of the 
brass mounting of the lens which acts 
as a diaphragm by interposing be- 
tween the margin of the back lens of 
the objective and the edge of the field- 
glass of the ocular. This, however, 
deserves a separate investigation, and 
it is enough to say that the practical 
result in the lenses measured, was a 
noteworthy constancy of angle at the 
principal focus, so that it could be 
treated as unchanging. Fig. 3 is a 
protraction of the angles and their 
relative position in the case of the 
inch-and-a-half, and it is a fair sam- 
ple of the result of the other cases. 

The following table gives the com- 
parison of the angles at the telescopic 
principal focus, and the microscopic, 
for both long and short tubes ; — 

ObJac^TOK. TalHOOIde P. F. HlcrDflCQldl^ 

LiBVtiaw. Bliorttnbs. Lazw taibB. Short Rln. 

8-inch.. 15= 185^= 18° 19° 
l!^".. 26° 28X'' 80° 80° 
%" .. 88° 86^ 89fi° SflX" 

1 ■'.. 18° \%%° 21° Siy" 
In the case of the three-inch ob- 
jective four separate measurements 
of field, working- distance, etc., were 
made with four different lengths of 
tube, and the results confirmed in the 
most striking manner the general con- 
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stancy of the angle at the principal 
focus of the instrument used as a mi- 
croscope. The significance of this 
angle, and its importance, is therefore 
partly found in the fact that it is the 
angle within which the actual field of 
view enlarges as the tube of the in- 
strument is shortened, and working- 
distance is increased. 

The differences between the angles 
of the telescope and that of the mi- 
croscope are seen in the above table. 
The approximate coincidence in the 
tirOy in the case of the ^-inch object- 
tie when used with the long tube, shows 
&«t the different use may have dif- 
tetnt conditions, producing special 
miations. In that case, the so-called 
** available" front was so much less 
with the instrument used as a micro- 
scope, that the angle at the nearer 
focus was nearly the same as that at 
the further one. 

It is, of course, apparent that all 
the above tables and measurements 
coald be made much more exact by 
computation, if we were in possession 
of the full formulae for the construc- 
tion of the objectives in question, but 
in the absence of such knowledge, 
the experiments seem sufficient to il- 
lustrate the principles. 

These observations suggested an- 
other series which is their natural 
complement, viz.: the investigation of 
the practical effect of stops placed 
upon the front of the objective. For 
this purpose, circular discs of black 
paper were used, beginning with those 
of the size of the so-called available" 
field in the cases before described, 
and enlarging them till the whole 
field of view of the microscope was 
stopped out. This was only done 
when using the instrument micro- 
scopically, for the results would be 
similar in kind in either case, and my 
purpose was to see how much of the 
front in the glasses named is useful 
by contributing image-making rays 
which go to the completion of the 
definition, brilliancy, and perfection 
of the total image examined in the 
ocular. 



In the case of the three-inch ob- 
jective, I began with a stop .3-inch in 
diameter. With the long tube, the 
only difference noticed was a slight 
lack of good definition in the centre 
of the field. Second, a stop of .35- 
inch was used. A small round shad- 
ow was now visible in the centre of 
the field, almost a black dot in its 
centre, and shading gradually away. 
Its effect as shadow was seen on about 
one-sixth the diameter of the field, 
rather less than more, and the divi- 
sions of an ivory scale could be read 
through it, quite to the centre of the 
field. Third: A stop .42 -inch was 
used. The diameter of the lens clear 
of the brass mounting, was carefully 
measured and found to be .46, so that 
the annular rim of the lens only .02- 
inch wide was in use. There was now 
a black spot in the centre of the field, 
stopping out rather less than one- 
quarter in diameter of the whole, 
shading away with a penumbrous 
margin. The fibres of paper, or the di- 
visions of the ivory scale were plainly 
visible except in the central quarter 
of the field, but the definition was a 
good deal impaired. The scale show- 
ed that the field was undiminished in 
diameter, and that the black dot oc- 
cupied ^ of the whole of it. 

I now began shortening the tube, 
and a bluish shadow began to creep 
into the field from the margin, whilst 
the black dot in the centre of the 
field grew smaller. When the draw- 
tube was quite closed the central 
black spot was reduced to a mere 
point, evidently the apex of a conical 
shadow touching the centre of the 
field-glass of the ocular. The shad- 
ows at the margin had become denser 
until they stopped out all but the 
central third of the field, when the 
object was still visible. 

Precisely similar phenomena were 
seen in experimenting with the other 
lenses. ,The clear front of the ij4- 
inch measured .45 -inch. A stop .39- 
inch in diameter left a very narrow 
annulus at the margin of the field, in 
which the scale divisions were seen. 
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The large, clear marginal space caused 
a little glow of diffused light within 
the lens, so that as the draw-tube was 
closed a gauzy mist covered the clear 
part of the field. 

The clear front of the ^-inch ob- 
jective measured .36-inch. A stop 
.3-inch in diameter allowed no part 
of the object to be seen, though light 
enough was admitted to define the 
margin of the field. Smaller stops al- 
lowed more and more of the object 
to be seen, and one of .2 -inch only 
appeared as a very small, indefinite, 
black point in the centre, with the 
usual penumbra about it. 

The following table gives the dia- 
meter of the portion of the front lens 
included by the angle at the princi- 
pal focus, both of the telescope and 
the microscope, as well as the full 
size of the clear front of each: — 



ObJecttTO. 




Teleflooplo. 






PttU 


Lonff 


Short 


LOBC 


Short 




front. 


tabe: 


tube. 


tabe. 


tabe. 


3-inch. . 


.46 


.42 


.44 


.216 


.14 


1^".. 


.45 


.40 


.40 


.88 


.26 


^•*.. 


.86 


.20 


.28 


.08 


.05 


1 *• 


.24 


.24 


.24 


.24 


.214 



In comparing these figures it will 
be seen that in the case of the single 
lens one-inch objective, the "avail- 
able" front is the whole front when 
used as a telescope, and as a micro- 
scope when used with the standard 
length of tube. It is cut down when 
the shortening of the tube makes the 
mounting of the lens act as a dia- 
phragm and prevents the marginal 
rays from reaching the field-glass of 
the ocular. 

It will also be noticed that in the 
two system glasses, the construction 
of the objective is such as to dimin- 
ish this " available " front most in the 
widest angled glass, viz.: in the ^- 
' inch which has 38** angle by telescopic 
and sgj/i^ by microscopic measure- 
ment, being what is properly consid- 
ered a wide-angled glass for its power. 
In this case the full field of .36-inch 
is reduced to .20 in telescopic use, 
and even to .08 in the microscopic use. 
It would be a very great mistake, 
however, to suppose that the remain- 



der of the front is not useful, for we 
have seen that a paper stop .30-inch 
in diameter was required to shut out 
the whole field. Referring to the fig- 
ures 25 and 24, it will be seen that the 
whole cone of rays m d /^ contributes 
to make the image of the point ^ at its 
conjugate focus y, and of this cone 
the portion m ^ n would only be one- 
quarter oi m b I when m n is half of 
m /, for the circular areas will be to 
each other as the squares of the dia- 
meters. In using it as a microscope, 
therefore, nearly four times this so- 
called " available ** field is useful in 
transmitting image-making pencils 
which go to perfect the image at the 
conjugate focus in the ocular, and 
nearly sixteen times if we reckon the 
the areas of sections of the cones of 
rays. In other words, the maker of 
the objective has combined his lenses 
so as to use, or make available, the 
whole front except the narrow annu- 
lus .03-inch in width at the very mar- 
gin of the lens, or only one-twelfth of 
the whole. It should be further no- 
ticed that the difference between the 
true front and the so-called "avail- 
able *' is greatest in the widest angled 
glass and least in the narrowest. Con- 
sequently when compared with work- 
ing-distance, a raeasurement of the 
angle at principal focus seems to 
make less of the front available than 
in inferior glasses, which is not true. 
Still another point of importance is that 
the shortening of the tube acts con- 
versely in its effect upon this " avail- 
able " front in the case of the two uses 
of the instrument. Used telescopi- 
cally, the shortening of the tube in 
the two-system glasses enlarges this 
part of the front, whilst it is dimin- 
ished in the microscopical use; and 
both these results are such as follow 
directly from the elementary princi- 
ples referred to at the beginning. 

These considerations may fairly be 
regarded as indicating: First, that the 
measurement of the telescopic angle 
of field is not the true measurement 
of the angular aperture of the micro- 
scope. Second, that in low-powers 
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the results of usin^ the telescopic 
measure are so unsatisfactory as to be 
practically useless. Third, that the 
measure of the angular aperture of any 
objective is the angle at the principal 
focus for rays of the convergence with- 
in the tube for which the lens is correct- 
ed, keeping in view the fact that this 
principal focus is not at the object, 
but between it and the lens. Fourth, 
that this measurement should be 
taken also with a tube of the length, 
and ocular of the diameter, for which 
the objective was constructed. 

If these conclusions are found to 
be sound, it will not be difficult to 
make the practical application. The 
angle of any objective may of course 
be easily computed by any one who 
has the formula on which it is made; 
but the microscopist will be satisfied 
with methods of measurement that 
are approximately true. If, in high 
powers the telescopic angle of field 
does not diflFer sensibly from the angle 
at the principal focus of the micro- 
scope, the common method may still 
be used. In low powers the experi- 
ments herein detailed show that by 
tbe aid of a common table of chords 
or of tangents, and a couple of simple 
measurements, the angle maybe quick- 
ly determined. I will only add that 
whilst choosing to make use of the 
pin-hole diaphragm in the former of 
these experiments because the circu- 
lar field gave a stricter application of 
theory, and there was then no refrac- 
tion of rays between the object and 
the lens, yet the observations were 
repeated with a slit .ooxs-inch in 
width, and with the same results as 
above described. Even with the three- 
inch objective the whole field was il- 
luminated and was of full-size, though 
the light was much reduced. 

It may be worth while to recollect 
that in the method of measuring the 
angles of objectives used some years 
ago by Mr. Tolles, Dr. Woodward 
and others, rays from the lamp were 
thrown down the microscope tube, and 
their crossing at the principal focus 
was ocularly demonstrated and mea- 



sured in a square of crown-glass with 
ground surfaces. This was in true 
accordance with the principles stated 
above; though, when parallel rays 
were used, the angle attributed to the 
objective was evidently less than if the 
rays of proper convergence (^'/and a' 
V fig. 24) were used. The fact that this 
was a different method with different 
results from that in which the tele- 
scopic field is made the criterion 
of the angle, does not seem to have 
attracted attention. In the opinion 
of the writer, the facts which have 
been stated and the proper conclu- 
sions from them, only recall us to the 
original and elementary idea of the 
aperture of a single lens, namely, the 
angle formed at the principal focus 
by the emergent refracted rays which 
have passed the lens, the convergence 
or divergence of these rays, when in- 
cident upon the other side of the 
lens, being given. Each point in the 
object from a to ^ is the apex of a 
pencil of rays, all of different angles. 
In this infinity of pencils it would 
appear arbitrary to select one as of 
special significance. The boundary 
of the whole cone at the principal 
focus, however, is that which, from 
the beginning of optical investigation 
has been treated as one of the funda- 
mental elements in the discussion of 
the properties of lenses. 

o 

Microscopical Laboratories. 

BY PROF. J. W. S. ARNOLD. 

The articles in the February and 
March numbers of your valuable 
Journal upon the subject of micro- 
scopical laboratories are of especial 
interest to me, as, for nearly fifteen 
years, I have been constantly teach- 
ing practical histology and allied sub- 
jects. It has been my fortune to 
come in contact with students of all 
ages, and from almost every part of the 
world. The young and the old, the 
uninitiated and the advanced student 
pursuing special investigation, have 
been under my care and supervision 
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in laboratories of several kinds, with 
arrangements widely different for 
light, using sunlight, the electric 
light and the common candle, work- 
ing from eariy in the morning until 
late at night. With this somewhat un- 
usual experience, it has seemed pro- 
bable that perhaps I might add a few 
words of interest to those already 
spoken by the author of the papers 
above referred to, and also to your own 
most excellent ideas in the January 
number of the Journal, upon small 
microscopes. I certainly agree to the 
proposition that a well-lighted room 
is an essential, but, provided the 
room be large enough for the work- 
ing tables to be at some little distance 
from the windows, I do not consider 
that any special exposure is superior 
to another. Light coming from the 
side of the room is, of course, much 
better than from a skylight. (I worked 
for a long time in the room upon the 
top floor of the Bellevue Hospital 
old museum and post-mortem rooms, 
where the lighting was from windows 
mainly in the ceiling, and found it 
anything but pleasant.) My private 
and student's laboratories now in the 
Medical Department of the Univer- 
sity of New York, both have almost 
a northern and western exposure ; 
this I ftnd very nice indeed. With 
the exception of the electric light, 
artificial light is, I am sure, most un- 
satisfactory for the study of tissues. 
Every one is familiar with the differ- 
ence produced by lamplight in tissues 
stained with haematoxylin, and even 
carmine imbibitions are much altered 
when viewed by any other than day- 
light, while picric acid stainings can 
scarcely be seen at all except by day- 
light. The eye does suffer from con- 
stant work by artificial light ; my own 
personal experience, and that of many 
of my friends and former pupils, will 
afford ample proof of this. Our stu- 
dent's laboratory in the University, 
built according to my own suggestions, 
has proved perfectly satisfactory after 
a number of years of daily work for 
nine months out of the twelve. We 



have accommodations for twenty-four 
men. The tables are about three 
feet square, and fastened to the floor. 
Two tables face each other, so that 
one Bunsien burner, fastened upon 
the line of junction of the tables, and 
one rack of reagents — staining fluids, 
etc. — serve the two tables very well 
indeed. A microscope is supplied to 
every table, and a drawer contains 
the little dishes for staining, needles, 
etc., for work. 

The question now arises as to the 
relative merits of large and small mi- 
croscopes. Any worker will surely 
agree to the superiority of the smaller 
and more simple instrument. I know, 
full well, that the dealer praises the 
large and showy microscope, and the 
novice is impressed by the fine effect 
of the shining brass. Not so, how- 
ever, the thorough microscopist, for he 
has learned that an instrument which 
cannot be used comfortably in the 
vertical position, is a constant source 
of annoyance while studying fluids 
and semi-solid structures, on account 
of the motion produced by gravita- 
tion, and the stage becoming fouled. 
A simple, plain-stage is, for obvious 
reasons, most desirable, and even the 
sliding motion for coarse adjustment 
is preferred with us. For my own 
part, Mr. Editor, I agree with you 
that the large and cumbrous micro- 
scopes are not so desirable for any 
purpose as the smaller model. Any 
size of tube can be used, even upon a 
low stand, and even for the resolu- 
tion of lined test-objects, the smaller 
model does all that the larger can. 
The large Zeiss stand is, to my mind, 
the most perfect instrument made for 
all purposes except, perhaps, photo- 
graphy (which requires special ar- 
rangements to obtain the finest ef- 
fects), and this instrument enables the 
greatest amount of work to be done 
in the least time. In the laboratories 
of the Old Worid small models, and 
very plain ones, have been, and are 
still, used exclusively. I have often 
had students come into the labora- 

• 

tory and desire to use their own mi- 
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croscopes, many of which were the 
long-tubed, complicated models. 
Very soon, however, they would be- 
come disgusted with their own pro- 
perty, and discard the large instru- 
ment for the one furnished by the 
College. The objectives required 
are only two, I think, at least for the 
beginner ; an one-inch, and an one- 
quarter or one-fifth inch. Only two 
oculars are necessary — one with a 
micrometer-scale. The higher powers 
are generally employed for the study 
of amoeboid movements, or some 
special subject, and a collection of 
half a dozen immersion one-tenths, 
with perhaps one or two even higher, 
will suffice for twenty-four students. In 
like manner, two or three polariscopes 
and spectrum-oculars will be all that 
is needed by two dozen men. Per- 
haps each man should have a micro- 
tome, though free-hand cutting is 
often quicker and better. The freez- 
ing microtome, I am confident, has 
but a limited use, provided the tissue 
be properly hardened. There are 

many objections to the promiscuous 

use of the freezing microtome. 

My own experience then, taken for 
what it is worth — ^no less, no more — 
convinces me that a simple micro- 
scope, and a comparatively few ac- 
cessories, combined with a desire to 
learn, and plenty of material, pro- 
duces the best results in a student's 
laboratory. 

University of New York. 



Photo-micrography. 

BY PROF. C. HENRY KAIN. 

Photo-micrography, or the art of 
photographing large views of micro- 
scopic objects, is no new thing, but I 
doubt whether microscopists in gene- 
ral are fully aware of the extent to 
which the late improvements in dry- 
plate photography have simplified the 
work. 

To the investigating microscopist, 
it is almost absolutely essential to be 
able to permanently preserve the re- 



sults of his observations. This is 
usually done by the aid of the came- 
ra lucida, and the zealous worker will 
often sit for hours with his eye fixed at 
the instrument, laboriously striving to 
represent an object, and, if he is not 
well-skilled in the use of the pencil, 
his labor is frequently almost useless, 
so inaccurate is the result. By far the 
greater part of this kind of labor may 
be saved at an expense so trifling, and 
with results so satisfactory, that I 
think the time is at hand when every 
working microscopist will regard a 
dry-plate photographic outfit as a 
necessary part of his equipment. 

The wet-plate process is cumber- 
some and not well adapted to the 
wants of the microscopist; but the 
dry-plates now in the market are ad- 
mirable, not only for their great sen- 
sitiveness and beautiful results, but 
also for the ease with which they can 
be manipulated. They can be pur- 
chased so cheaply that it will scarcely 
pay the microscopist to prepare them 
himself. Some of the great advanta- 
ges which they possess are the follow- 
ing: 

1. They can be kept for any length 
of time and used as occasion requires. 

2. If not convenient to develop the 
plate at the time the exposure is made, 
it can be put away and developed at 
leisure, even after an interval of 
weeks. 

3. No dangerously poisonous chem- 
icals are necessary in the developing 
process. 

4. They are so sensitive that the 
light of an ordinary kerosene lamp 
(preferably a student lamp), is amply 
sufficient to photograph objects witJh 
all powers not higher than a half-inch 
objective. Indeed, I think it proba- 
ble that a quarter-inch objective could 
be so used by properly arranging a 
system of condensers. 

The apparatus which I use is a 
small camera about eight inches 
square, such as is furnished with the 
amateur photographic outfits now so 
popular. To use it for photo-micro- 
graphy I simply substitute my micro- 
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scope for the ordinary camera-lens. 
In order to make a perfectly light- 
tight connection between the camera 
and the microscope, I fasten over the 
opening of the camera a sheet of thick 
rubber having a hole cut in it some- 
what smaller than the body of the mi- 
croscope. Then, when the body of the 
microscope is thrust through the open- 
ing, the rubber closes tightly around 
it and makes a perfect joining.The eye- 
piece can then be inserted from the 
inside of the camera, if desirable. In 
photographing without the eye-piece 
there is apt to be a bright spot in the 
centre of the field of view, due to ir- 
radiation from the interior of the body 
the microscope. The use of the eye- 
piece entirely obviates this difficulty, 
and, at the same time secures greater 
magnification; but, of course, the 
field is not so brilliantly lighted. If, 
however, it is desirable to dispense 
with the eye-piece, the bright spot can 
can be avoided by lining the interior 
of the tube with paper which has a 
dead-black surface. 

As it is desirable that the object 
shall be as well illuminated as possi- 
ble, it is best to take the light direct 
instead of reflecting it upon the ob- 
ject by means of the mirror. It is 
also best to use two condensers, a 
large one for collecting as many rays 
as possible and concentrating them 
upon a smaller condenser, which, in 
turn, concentrates them upon the ob- 
ject. An achromatic condenser may 
be advantageously substituted for the 
latter. 

As some who desire to experiment 
in this line may desire a starting point 
as regards the matter of exposure, I 
would say that with the light of a stu- 
dent lamp, and using a single con- 
denser, I have found that from 1^4 to 
2}^ minutes with a 2-inch, 2j4 to 5 
with a I -inch, and 4 to 7 minutes with 
a J^-inch objective, are about the 
proper times when the A eye-piece is 
in, and using what are known as Car- 
butt's rapid (B) plates, No. 468. 
When the eye-piece is not used about 
one-half of that time is required. Of 



course the time of exposure will vary 
somewhat, according to the density 
or transparency of the object, and, if 
stained, according to the character of 
the coloring matter. 



Apparent Motions of Objects. 

BY PROF. F. C. VAN DYCK. 

Objects viewed through the micro- 
scope seem to move when the posi- 
tion of the mirror is slightly changed. 

This fact is doubtless familiar to 
most microscopists, but has not, so far 
as I know, been discussed in its opti- 
cal bearings. 

The phenomenon is easily observed 
by using nearly parallel rays to illu- 
minate the object, and placing the 
mirror approximately central under 
the stage. If daylight is used, set the 
microscope at a considerable distance 
from the window, and use the plane- 
mirror. If lamplight is used, set the 
lamp at the focus of the concave 
mirror, or use a lens to make the rays 
parallel and reflect them from the 
plane-mirror. 

If the object be so thin as to be 
sensibly in one plane, it will maintain 
its location in the field whatever 
change be made in the position of 
the mirror, so long as it is accurately 
focussed. But if the tube of the mi- 
croscope be raised or lowered, so as 
to throw the object slightly out of 
focus, a shifting of the mirror on its 
bearings will cause an apparent mo- 
tion of the object to one side or the 
other. 

If an object of considerable thick- 
ness be used and the focus obtained 
for a central plane, rocking the mir- 
ror will cause the lower parts of the 
object to move to one side, while the 
upper parts move to the other side. 
I have an insect's foot with claws, 
which, treated in this way, seems to 
work the claws like scissors. Minute 
details of an object may be made to 
disappear under spots on the cover- 
glass, and various similar effects can 
be produced. 
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Let us suppose that the illumination 
is received from the left of the ob- 
server, and that a micrometer is in- 
serted in the eye-piece to facilitate 
observation. Take three points, A^ 
B and C, in the optical axis, A^ be- 
yond the focus of the objective, B 
at the focus, and C a little above the 
focal plane. Suppose a pencil sent 
from the mirror along the axis, passing 
A^ B and C, and the centre of the 
objective. The images of A^ B and 
C will fall with their centres on the 
axis. If the edge of the mirror to- 
ward the observer's right be tilted up, 
the point A^ beyond the focus, wUl 
appear to be displaced toward the 
right of the field of view, the point B 
will remain stationary, and C, which 
is above the plane focussed upon, will 
move toward the left. Now it can 
be shown that if the spherical aber- 
ration of an objective could be cor- 
rected for a series of points and their 
images, all the images must remain 
stationary. 
The necessity for correction con- 
^^sts essentially in the fact that the 
margins of lenses with spherical sur- 
faces are too strong relatively to their 
centres. Hence, with an uncorrected 
iens^ the image of the point B^ made 
by the central portion of the lens, 
would fall on the axis ; but an image 
of the same point, produced by rays 
entering the left-hand margin, would 
fall to the left of the axis, as well as 
nearer to the lens. The essence of cor- 
rection is to relatively weaken the 
action of the margin, so that the im- 
age shall fall on the axis, and at the 
^me distance from the lens as the 
image formed by its central portion. 
Suppose this correction to be made 
for the point B. Let the mirror be 
tilted as described, so that a pencil 
of rays passes through A to the left 
margin of the objective. This pencil 
makes a smaller angle with the front 
surface than a pencil coming from B 
and entering at the same place. 
Hence, the pencil from A will reach 
the back surface of the lens at a point 
nearer the axis than would be reached 






by the pencil from B, If then the 
pencil from B comes to a focus on 
the axis, the pencil from A would 
cross the axis before coming to a fo- 
cus. This explains the displacement 
of the image a to the right, under the 
conditions given above. The image b 
of the point B will not be afifected, be- 
cause the objective is corrected for a 
cone of rays from B^ and an^ pencil 
passing through B must coincide with 
some element of the cone. It is not 
necessary to discuss the image r, for 
it will be seen that it must be formed 
on the side of the axis opposite to a, 
Rutgers College. 



On 



Conyenient Method of Ini' 
bedding. 

BY PROF. E. A. BIRGE. 



The following method of imbedding 
was worked out by Dr. Justus Gaule, 
of the Physiological Institute, Leipzig, 
Saxony, by whom it was communi- 
cated to the writer. I have tried it 
on all sorts of tissue and can fully 
recommend it. 

A piece of tissue of convenient size 
is to be taken, treated with the ordi- 
nary reagents and stained in the mass. 
If large, it may be convenient to re- 
move it from the staining fluid to al- 
cohol for a few hours and then re- 
place it. When thoroughly stained, 
the specimen is to be put in seventy 
per cent, alcohol for about twelve 
hours, then transferred to absolute 
alcohol until it is completely dehydra- 
ted. Then put it in oil of cloves over 
night, or leave it there until it is con- 
venient to imbed it. 

Place it in turpentine half an hour, 
— large specimens for a longer time — 
then transfer it to a mixture of tur- 
pentine and paraffine, kept melted on 
a water-bath at about 40^ C. In this 
the specimen, if from liver or intestine, 
etc., should remain for an hour or 
more; small nerves and blood-vessels 
of course need not remain so long. 
Then transfer it to a bath of pure 
paraffine, melted at a temperature 
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of 60° C, and leave it for the same 
length of time. Indeed, if care be 
taken that the temperature does not 
materially exceed 60**, the specimen 
may remain as long as convenient. 
When the tissue is thoroughly saturat- 
ed with melted paraffine, a small paper 
box may be filled with melted paraffine 
and the specimen placed in it to cool. 
If properly imbedded, a cut surface 
has a smooth and shining appear- 
ance. No line of division must ap- 
pear between the specimen and sur- 
rounding paraffine. The whole mass 
should cut, as nearly as possible, like 
one homogeneous mass of paraffine. 

The subsequent handling of the 
sections varies with their nature. 
Moderately thick sections of firm tis- 
sue may be placed in turpentine to 
remove the paraffine and mounted as 
usual in chloroform-balsam. Thin 
specimens, or those which come to 
pieces when the paraffine is removed, 
like thin sections of liver, etc., may 
be laid on the slide on which they 
are to be mounted and the paraffine 
washed out by benzine, carefully ap- 
plied with a dropping-tube; allow the 
benzine to evaporate, then lay on the 
cover-glass and apply thin chloroform- 
balsam at the edge of the cover. For 
exceedingly delicate specimens, such 
as embryos or osmic acid nerves, an- 
other method may be used. Lay the 
section on the slide, wet with absolute 
alcohol and let the alcohol complete- 
ly evaporate, leaving the specimen 
attached to the slide; carefully heat 
until the paraffine is softened, or 
slightly melted. When cool, let a few 
drops of benzine — ^best applied with 
a brush — run over the section until 
most of the paraffine is gone. When 
dry, apply the cover-glass and put a 
thin solution of Canada-balsam in 
xylol to its edge. The xylol may be 
used instead of benzine but it is more 
expensive. 

This method is very convenient, 
especially for histological laborato- 
ries. The specimen once imbedded, 
can be kept for years, and new sec- 
tions cut as wanted. No change takes 



place in it nor can it dry up. It is 
suited to all tissues. I have imbed- 
ded all vertebrate soft tissues, chick 
and trout-embryos, hydras, snails, an- 
gle worms, clams, star-fishes, etc., with 
equal success in every case. 

The ease with which the sections 
can be made, fully compensates for 
the time required to imbed. The 
merest tyro, provided with a good 
section -cutter, a brush to keep the 
sections from rolling, and such a 
specimen, must be a bungler indeed 
if he cannot cut at least thirty even 
sections from each millimetre of a 
moderate-sized specimen such as the 
oesophagus of a rabbit. With a little 
practice he should be able to cut a 
millimetre into one hundred sections 
without losing more than two. The 
writer has cut a frog's spinal cord so 
imbedded into 926 sections -^ mm. 
thick in one day, and mounted them 
without losing any sections. No one 
who practises with these specimens 
will regard this as much of a feat. It 
is simply a hard day's work. 

Specimens as large as the central 
hemisphere of a rabbit can be stained 
and imbedded whole. 

I append my notes on the spinal 
cord of a frog, showing the times used 
in the various processes: — 

Cord put into 3 per cent, nitric 
acid, two hours. 

Seventy per cent, alcohol, six hours. 

Stained in haematoxylin, four hours. 

Seventy per cent, alcohol, over 
night. 

Ninety-five per cent, alcohol, twen- 
ty-four hours. 

Oil of cloves, twenty-four hours 
(did not wish to imbed till next day); 
then. 

Turpentine stir half-an-hour. 

Turpentine and paraffine, one hour. 

Paraffine, one hour. 

It should be remembered that these 
cords imbed easily. 

One caution further — select paraf- 
fine if possible, which is bluish-trans; 
parent and which rings slightly when 
struck. The white, opaque sort is by 
no means as good. Any addition o( 
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paraffine-oil, turpentine, etc., to soft- 
en the paraffine, renders it granular 
and brittle, and is decidedly injurious 
in its cutting qualities. 
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risk. A receipt will be immediately given for money 
received by open mail. 



Synopsis of Rhizopods. — This 
book has been greatly improved by 
the addition of four lithograph plates, 
illustrating each genus of fresh-water 
rhizopods by at least one representa- 
tive species. The price has, there- 
fore, been raised to ji.oo, instead of 
75 cents as heretofore. Every species 
described by Prof. Leidy in his larger 
work is also concisely described in 
this book, and with the aid of the 
plates it is believed that species can 
he readily determined. Rhizopods 
aie so abundant, that they have only 
to he looked for to be found, and 
4ey afford an inexhaustible source 
of pleasure to one who studies them 
wth care. 



Microscopical Laboratories. — 
We are pleased to be able to publish 
this month a contribution from Dr. 
J. W. S. Arnold upon this subject. 
That it is from an experienced teach- 
er, no one can doubt who will read 
the article carefully. We have nothing 
to add to what he has written, but we 
can say that the ideas expressed in 
that contribution are precisely those 
which we can most heartily commend 
to the attention of every teacher. 
Probably a wholly erroneous notion 
of the cost of fitting up a suitable mi- 
croscopical laboratory has deterred 
niany of our smaller medical colleges 
from teaching histology with the aid 
of microscopes ; and it is a disgrace 
to the profession that so many hun- 
dreds of " full-fledged " physicians 
are graduated every year without 
leaving looked through a microscope. 



Microscope-stands for laboratory 
use can be bought by colleges for 
about twenty or twenty-five dollars 
each, and the two necessary objec- 
tives, good enough ones too, need 
not cost over that amount, so that 
from forty to fifty dollars is enough 
to buy such microscopes as are 
required. 

o 

Photo-micrography. — The article 
we publish this month upon this sub- 
ject, calls the attention of microscop- 
ists to the dry-plate process which is 
sure to give a great impetus to the pho- 
tographic delineation of microscopic 
objects. The process is cleanly, and 
eminently well-suited to the wants of 
microscopists who cannot use the 
pencil well. Next month we intend 
to give another article on the subject, 
in which full instructions for using 
the dry-plate process will be found. 
It now remains for some enterprising 
manufacturer of photographic goods 
to introduce an apparatus for micro- 
scopical use, at a reasonable cost. 

o 

The Microscope in Medicine. — 
Perhaps it is not well to speak the 
truth too plainly, but sometimes it has 
a salutary effect. We have just al- 
luded to the lamentable ignorance 
concerning the microscope among 
the graduates of medical colleges. 
If any argument were needed to 
convince the general reader of the 
want of interest in practical micro- 
copy among physicians, we would only 
state that as a matter of business, we 
have found that it does not pay to 
send sample copies of this Journal 
to the physicians in regular standing 
in State or County medical societies. 
On the other hand, it does pay to send 
them to the addresses given in gene- 
ral directories. We do not know how 
many physicians there are in the 
country, but if we had on our subscrip- 
tion-list even five per cent, of the to- 
tal number, we venture to say our 
present list would be doubled. True, 
this is not a medical publication, but 
if the medical profession, as a whole, 
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had any appreciable interest in the 
microscope whatever, certainly more 
than five per cent, of its members 
would take a journal like this. 

As a matter of fact, physicians in 
general are utterly incapable of using 
the microscope in their practice. 
They cannot tell uric acid from triple 
phosphates, tube-casts from cotton- 
fibres, cancerous from normal cells, 
or a starch-grain from a blood-cor- 
puscle. Does this seem incredible? 
What shall be said of the physician 
who bought a fine immersion-lens and 
returned it as worthless, because he 
" immersed " it by filling the back with 
water and screwing it on the stand ! 
Or of the other one who tried to ex- 
amine a lump of coal with a -j*g-inch! 

A good story is told of the physic- 
ian who showed what he vowed was 
a cancer-cell to a visitor, but the visi- 
tor failing to see the structure, re- 
quired it to be particularly designated, 
when he found the supposed cancer- 
cell was a distorted air-bubble. An- 
other physician found some tube- 
casts, which were mere scratches upon 
a slip of glass purposely made to test 
his knowledge. Another who had used 
a microscope for several years, had 
never heard of opaque illumination, 
and he examined everything, large or 
small, with a ^ objective and a B ocu- 
lar. 

One of our prominent manufactur- 
ers of objectives once remarked that 
physicians judge of a microscope by 
its power, and therefore his mistake 
had been in making objectives of -J^- 
inch focus instead of ^-inch. The 
meaning of this is simply that the 
higher power is the more saleable. 

A little more knowledge of the mi- 
croscope would prevent physicians 
from following too blindly, the teach- 
ings of incompetent and unscientific 
observers. We would hear less non- 
sense about new organisms found in 
the blood, and there would not be so 
many absurd observations published 
about disease-germs, extravagant as- 
sertions about the structure of proto- 
plasm and about the diagnosis of the 



general constitution of a patient by 
the examination of the white blood- 
corpuscles. Perhaps the editors of 
many of our medical journals would 
do well to read up a little on the mi- 
croscope — ^just enough to keep up the 
credit of their papers. 

o 

Microscopic Angular Aperture. 
— We desire to call particular atten- 
tion to the article by the Hon. J. D. 
Cox, published this month, for we are 
sure that any one who reads it care- 
fully will find it both interesting and 
instructive. Mr. Cox has explained 
several points in regard to the focus 
and the field of microscope objec- 
tives that doubtless have been very 
puzzling to some readers, with great 
clearness. We commend the article 
to every one who uses the microscope, 
whether interested in the subject of 
aperture or not, for it is a subject 
that should be more or less under- 
stood by every microscopist. 

The article by Prof. Van Dyck will 
possess considerable interest, in that 
it. clearly explains a phenomenon 
which must be familiar to every one 
who uses a microscope. 

We reserve for next month an arti- 
cle by Mr. E. Gundlach, in which he 
endeavors to prove that immersion- 
condensers cannot be made, accord- 
ing to the present system, of suffici- 
ently wide angular aperture to meet 
the requirements of the future, and 
describing a new form of condenser 
of larger aperture. Also another arti- 
cle, which was prepared for this num- 
ber, defining the term "numerical 
aperture," and showing its relation to 
angular aperture. 

o 

SWARM-SPORES OF ClOSTERIUM. — 

Mr. William Trelease has called our 
attention to the probability that the 
phenomena described in the last num- 
ber of the Journal as the reproduc- 
tion of Closterium by swarm-spores, is 
not a process of propagation, but that 
the moving spores, and the projections 
through the cell, belong to a parasitic 
plant, Chytridium, 
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Chytridium is a curious plant which 
attacks not only desmids, but other 
algae, and also the saproligniese, but 
we have not been able to find a single 
species described as infesting Clos- 
teriuMy in any book in our posses- 
sion. 



Collecting. — During March, April 
and May, many of the algae belong- 
ing to the family zygnemaceae will be 
found in fruit when they are most valu- 
able in collections. Vaucheria fruits 
early, and doubtless can now be 
found in good condition to study. Last 
month Mr. Wolle found new growths 
of Chatophoray UlothriXy Batrachos- 
permum, Oscillariay and other algae. 
At a meeting of the New York Mi- 
croscopical Society, some newly 
hatched snails were shown, and the 
eggs should now be abundant on wa- 
ter plants, in almost every pond. 
Frog-spawn also must soon be found; 
and it is always interesting to watch 
the development of the tadpoles and 
tlieir slow change into frogs, all of 
wHch can be followed in a jar of wa- 
ter. Euglenas, vorticellas, rotifers, 
vafer-bears, floscules, hydras, and a 
Aost of other specimens can be found 
ifl abundance this month. Mr. Ba- 
len's list gives the names of the spe- 
cies he has found quite lately. 

For the novice in collecting we 
make a few suggestions. Look along 
the borders of ponds where weeds 
and grass are growing submerged. 
Pull out some of the stems that are 
covered with a light, flocculent de- 
posit and examine them. Dip down 
into the bottom of the pond, and pull 
up whatever sticks and old tree 
branches, or plants, that may be 
caught. Look them over with a hand- 
lens for gelatinous masses and grow- 
ing algae, or whatever of interest they 
may have. For water-fleas, small 
entomostraca and water-insects, run 
a small hand net, made of common 
cloth, along near the bottom of the 
pond, and many can thus be caught 
Volvox, which seems to appear at all 
seasons, can also be collected in such 



a net, which need not be more than 
three inches in diameter. 



Ruled Lines as Tests. — Last 
month we made some allusions to 
test-plates of ruled bands, and pro- 
mised a few words more in this num- 
ber. With reference to the plate 
ruled by Prof. Rogers, we have since 
obtained from him the estimated 
width of the individual lines. Ac- 
cording to this estimate, in his band 
which was ruled at the rate of 
500,000 lines to the inch, each line 
drawn by the machine was tiAtv of 
an inch broad ! 

In reference to our previous article, 
we do not mean to imply that a band 
of 120,000 lines to the inch cannot 
be resolved. The theoretical resolving 
power of several objectives that have 
been made exceeds 120,000 lines to 
the inch, but we have never heard of 
their actual limit of resolution. The 
mere resolution of lines cannot be re- 
garded as a test of the excellence of 
an objective, and if such a band is 
resolved by any objective now in use, 
we would be inclined to regard it as 
a strong indication that that objec- 
tive is an inferior lens. This may 
seem rather a surprising and bold as- 
sertion ; but the resolution-tests that 
have so long been relied upon as in dica- 
tive of the excellence of objectives, 
have greatly retarded the progress of 
microscopy in this country and in Eng- 
land. They have led to the produc- 
tion of a class of costly objectives, in 
which general excellence has been 
sacrificed to resolving power. A few 
writers in England and America are 
responsible for this unfortunate con- 
dition of affairs. They have led a 
great many microscopists in both 
countries to place a false estimate 
upon resolving power, and to under- 
estimate other qualities that are of 
equal importance. As a natural re- 
sult, the makers of objectives have 
followed the public demand, and pro- 
duced such lenses as would satisfy it. 
Only one of our prominent makers in 
America has pursued a conservative 
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course in this regard, and we are 
pleased to observe that the products 
of his workshop are now steadily 
growing in favor. We refer to Mr. 
William Wales. We do not mean to 
imply that the course followed by the 
manufacturers has been productive of 
no good. Undoubtedly it has resulted 
in much valuable experience, which 
will sometime be shown in a better 
class of objectives. But with this 
matter we have nothing to do at 
present. 

What we desire to impress upon the 
minds of our readers is the fact that 
resolving power alone is not a test to 
be depended upon. The reason for 
this will be obvious to anyone who 
has studied the articles already pub- 
lished in this Journal. When a dif- 
ficult test is resolved, the extremely 
oblique rays that enter the objective 
are the only ones that contribute to 
the formation of the image of the 
lines. All the central portion of the 
objective might as well be stopped 
out. An annular zone around the 
periphery takes in all the light that is 
necessary to form the image. It is, 
therefore, a simple matter for the 
maker to correct the objective, 
especially for the rays entering that 
annular zone, the result of which 
would be, the objective would resolve 
lines beautifully, but its performance 
with the jPodura-scaiie, for example, 
would be less satisfactory. 

But now, lest we be severely criti- 
cised for our statement to the effect 
that, to put in another form, an ob- 
jective can be made to resolve too 
much for its own good, we must 
clearly state the reason for such a 
conclusion. It is simply this : So 
long as makers are confined to the 
use of the glass now available, it will 
be impossible to correct the latter 
throughout, for central light and for 
light of excessive angular incidence. 

As regards the value of test-plates 
of ruled lines, they serve very well to 
test the capability of an objective to 
resolve lines, but since there is no di- 
optric image from such a plate, the 



observer cannot judge whether the 
lines ^re seen in their proper plane or 
not. This point should not be over- 
looked. A diatom is a much better 
test, for then we have the dioptrical 
image of the frustule — the outline or 
the median line for example — in view 
with the lines, and if the lines are not 
in the same plane, or as nearly so as 
experience indicates they should be, 
then the objective fails to do its work 
well. 

Not long ago several American 
objectives were compared with two 
by Zeiss, the test employed being A. 
pellucida. These comparisons were 
made by some members of the New 
York Microscopical Society. , It was 
found that the American objectives 
gave rather better definition of the 
lines than the Zeiss, although this dif- 
ference was scarcely noticeable. On 
the other hand, the Zeiss objectives 
showed the markings and the outline 
of the diatom together better than 
did the others — the two images were 
more nearly in the same plane. 

COBBESPONDENCE, 

To THE Editor:— In the March num- 
ber of your valuable MICROSCOPICAL 
Journal, on paee 54, under the head 
" A New Form of Vertical Illuminator," 
you call attention to "the ingenious de- 
vice of Prof. W. A. Rogers," adding in 
parenthesis, " we believe it was invent- 
ed by him." I have a J-inch objective, 
made by Mr. R. B. ToUes eleven years 
ago, with a prism fitted in the manner de- 
scribed. Mr. Tolles made one several 
years before he made mine for Prof. R- 
K. Browne. Please ^ive the credit to the 
inventor. Very truly, 

George B. Harriman. 
Boston, March i6th. 

[In looking up the history of this device, 
we find that Mr. Tolles should have the 
credit of being the first to apply a pnsm 
in the manner described. This he did in 
the year 1866.— Ed.] 

MICBOSCOPICAL SOCIETIES 

At a meeting of the New York socie- 
ty, Mr. J. D. Hyatt exhibited some speci- 
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mens of a Boring Annelid, and described, 
by the aid of black-board drawings, the 
probable method of excavating in hard 
substances. He showed two mounted 
specimens, one with the jaws extended, 
and one in which the head was retracted 
' far back into the body of the animal. 

The track of an annelid, as Mr. Hyatt 
had found by cutting sections of shells, 
was always downward and then back to 
the surface in a line parallel with, and 
close to, the original channel, so that fre- 
quently a section across the borings shows 
either two channels with a very thin par- 
tition between them, or else without any 
wall of division. 

Remarks were made by several mem- 
bers of the society, particularly concerning 
the method of boring. It was thought by 
some that the apparatus for boring de- 
scribed by Mr. Hyatt could not be hard 
enough to penetrate solid rock, but the 
weight of evidence seemed to be conclu- 
sive that no chemical action assisted in 
the process. 

Mr. Hitchcock described the structure 
of sponges. His remarks were principally 
based upon the description ot sponj^es in 
Saville Kent's Manual of the Infusoria, 
According to Mr. Kent's observations and 
also to others by Carter and by our coun- 
tryman, Prof. H. James Clarke, the sponge 
consists of a mass of clear, homogeneous, 
jelljr-like matter, the cytoblastema, tra- 
rersed by ramifying canals which are en- 
larged in places. The cytoblastema is 
covered with an imperfectly differentiated 
investing membrane, and the spicules 
are imbedded in it. The canals are en- 
larged into chambers at different points, 
and these chambers, known as ampulla- 
ceous sacs, are lined with spherical or 
oval monads, each of which has a hya- 
line, bell-shaped collar at the anterior end, 
through the centre of which a long flagel- 
lum extends into the chamber. These 
collared monads also line the channels in 
some species of sponges. By the constant 
lashing of the flagella, currents of wa- 
ter are drawn through the pores, the small 
openings on the surface of the sponge, 
into the ampuUaceous sacs, and from these 
they pass to larger channels which lead 
to the large openings or oscula at the sur- 
face. This constant circulation provides 
the sponge with air and food. 

Within the cytoblastema are a great 
number of amoeboid bodies which are 
difficult to distinguish from the mass in 
which they are imbedded. By the coale- 
scence of these amoeboids, which seem to 



be derived by a direct transformation of 
collared monads, one process of reproduc- 
tion is accomplished. The other processes 
of reproduction were described. 

Sponges appear to belong to the pro- 
tozoa, although some authors believe they 
should be classed among the metazoa. 
The speaker was fully convinced of their 
protozoic nature. 

An interesting address was recently de- 
livered by Mr. Isaac C. Martindale, before 
the Camden Microscopical Society on 
"Cell Structure in the Vegetable King- 
dom," but the report of the address which 
we have is hardly suitable for publication 
here. The subject was illustrated by 
several objects under microscopes, among 
which were cyclosis in anacharis, desmids 
shown by Prof. Kain, a fern leaf by Mr. 
Bowden, Volvox global or by Mr. Clark, 
and Glasocapsa by Mr. Morrison. 

A meeting of the State Microscopi- 
cal Society of Illinois was held Fri- 
day evening, February 10th, 1883. Mr. 
E. B. Stuart read a paper entitled " Notes 
on the lodo-sulphate of Quinia." 

The speaker stated that some time ago 
it became desirable to ascertain if a cer- 
tain sample of muriate of morphia con- 
tained traces of quinia. He found no 
published reference to the action of mor- 
phia on the iodo-sulphate-test of Herapath. 
This test had been a favorite with him for 
some time, partly on account of the ease 
with which it could be applied, and partly 
on account of the certainty of the reaction. 
He first tried the reaction on a solution 
containing one part of quinia and nine of 
morphia. The morphia in this mixture 
did not prevent the formation of the iodo- 
sulphate of quinia ; nor did it have any 
effect when the morphia was in the pro- 
portion of 1,000 to 1 of quinia. 

The mode of performing this test was 
to dissolve the salt in dilute alcohol, by 
the aid of sulphuric acid, and the solution 
warmed to about 100° F. Very dilute 
tincture of iodine is then added, drop by 
drop, with constant agitation. When a 
sufficient quantity of iodine has been add- 
ed, the precipitate appears and quickly 
subsides. 

In a mixture of the four principal cin- 
chona alkaloids, the quinia is first sepa- 
rated, then the cinchonidia, which is fol- 
lowed in turn by the quinidia, and finally 
by the cinchonia. The latter reaction 
takes place very slowly, however, and only 
in tolerably concentrated solutions. 

The separation of cinchonidia from 



80 



THE AMERICAN MONTHLY 



[April, 1882. 



quinia by this method is far from com- 
plete, and unless present in large propor- 
tion, all the cinchonidia is likely to be 
precipitated along with the quinia. On 
recrystallizing from alcohol, however, the 
two salts separate and can be dis- 
tinguished by the microscope, although 
not very readily. After crystallization, the 
shape of the crystals becomes definite, 
mostly appearing in thin rhombic prisms. 
Mr. Wm. Hoskins spoke of the differ- 
ences between the crystallization of the fat 
of butter and that of lard, tallow, and 
other fats. The speaker stated that upon 
melting, and then cooling the clarined 
fats slowly, the differences m the crystalli- 
zation of the various fats were very mark- 
ed, and that he was enabled in this way 
to distinguish positively, adulterations of 
suene, oleomargarine, etc., in butter. 

On Februanr 17th, the microscopists of 
Danville, 111., organized a microscopi- 
cal society and named it the Griffith Mi- 
croscopicaS Society of Danville. Rev. F. 
W. Taylor, President ; J. C. Leavitt, M. 
D., Vice-President ; Miss Sophia Andros, 
Secretary and Treasurer. 

NOTICES or BOOKS. 



A Synopsis of the North American Li- 
chens, Part I., Comprising the Parme- 
liacei, Cladoniei, and Coenogoniei. By 
Edward Tuckerman, M. A., Author of 
Genera Lichenum. Boston : S. E. Cas- 
sino, 1881. (Pp. 362. $3.60). 

For the student of lichens, this is almost 
the only book now to be obtained for a 
reasonable price. The two valuable Eng- 
lish works " Lichen Flora of Great Brit- 
ain " and the " Popular History of British 
Lichens," are out of print, and can only 
be found second-hand. It is to be hoped 
the second part of the work before us will 
be issued soon. 

The lichens, according to the views of 
the author, are intermediate between the 
algae and the fungi. In general, lichens are 
aerial thallophytes, vegetating under the 
influence of moisture, hence of slow and 
interrupted grovsrth. The book opens with 
a concise description of the form, struc- 
ture, the mode of growth and the fructifi- 
cation of lichens. This part, although 
condensed into only sixteen pages, is well 
worth careful reading. 

The remainder of the book is devoted 
to the description of the genera and spe- 
cies, beginning with a key to the arrange- 



ment, similar to what is found in works 
on systematic botany. 

We wish to urge upon our readers the 
examination and study of lichens. Al- 
though we cannot claim for ourselves any- 
special familiarity with those plants, we 
have seen enough of their structure, and 
have read enough about them to be fully 
aware of the interest that must be attach- 
ed to their study. Many readers have no 
special subject of study, and if some of 
tnem would take up the lichens, they 
would find far more pleasure in the in- 
timate knowledge of these plants thus 
obtained, than can ever be found in gene- 
ral and superficial examination of the en- 
tire vegetal kingdom. 



Exchanges. 

[Exchanges are inserted in this column without 
charge. They will be strictly limited to mounted 
objects, and material for mounting.] 

Unmounted Foraminifera from the north of Ireland 
for mounted objects. T. B. JENNINGS, 

Signal Office, Springfield, Ills. 



Diatoms, recent, fossil and in situ ; algae, ferns, and 
much other first-class material to exchange for first- 
class material of any kind, prepared material, and 
particularly foreign diatoms, recent and fossil 
preferred. M. A. BOOTH, Longmeadow, Mass. 



Havine secured a supply of the microphotographic 
films used for transmittme news by pigeon-post during 
the siege of Paris, I will take pleasure in sending an 
unmounted specimen, suitable for microscopic use, to 
any person who will send me a stamped and directed 
envelope for that purpose. R. H. WARD, M. D., 

53 Fourth Street, Troy, N. Y. 



Well-mounted slides of Patholog[ical and Histologi- 
cal specimens,^ injected and otherwise, in exchangre for 
Insects, Polariscopic or Pathological slides. 

FRANK P. HUDNUT, Orange, N. J. 

A slide of well-cleaned E^itkemia turgida offered 
for any other well-mountea object or material. 

H. S. WOODMAN, 
P. O. Box 87, Brooklyn, E. D., New York. 



A beautiful collection of wild seeds of Central Ohio 
to exchange. List furnished on application. 

F. O. JACOBS, Newark, Ohio. 



Well mounted Diatoms, etc., in exchange for first- 
class slides, or material. W. H. TIvY, 

6th and Olive Streets, St. Louis, Mo. 

Well mounted Diatoms on Alea, Polycistina, Zoo- 
phytes various, and other miscellaneous objects for 
other well mounted objects. Mounted Insects or parts 
of Insects preferred. W. FARNELL, 

125 Walnut Street, Macon, Ga. 

For a packet of frustules of Biddulphia Itevis^ send 
slide, or unmounted specimen to 

K. M. CUNNINGHAM, 

Box 874, MobUe, Ala. 
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The Boring Sponge— Does it Ex- 
eayate tne Burrows in 
which it is Found ! * 

BY J. D. HYATT. 

The little sponge Cliona celata^ Grant, 
Hymniacidon celata^ of Bowerbank, is 
a common inhabitant of the waters 
around New York, and is also well- 
known on the coasts of the Brit- 
ish Islands. Bowerbank, one of the 
best authorities on the subject of 
sponges, describes it as one of the 
simplest in anatomical structure of 
all the British species, and when we 
remember that the highest organisms 
oi the order porif era are at most but 
i^tep removed from protozoa, it will 
not appear strange that many natu- 
ralists still doubt the ability of Cliona 
^ excavate for itself the canals and 
spaces which it always occupies in 
rocks, shells and stones. 

The living part of a sponge is a 
mere mass of jelly, or an aggregation 
of jelly-like bodies which, together, 
form a compound animal; but the 
individual members composing this 
animal may be separated from each 
other, and from the main body, with- 
out in the least impairing the other's 
vitality. 

, The only organ possessed by these 
little sponge-bodies is a vibratile cili- 
una, or lash, the rapid motion of which 
lierves the purpose of producing cur- 
rents of water outward, through the 
osculae, the inward flow being fil- 
tered through the numerous minute 
apertures or ppres which open directly 
into the internal cavities. These cur- 
rents seem to convey to the sponge 

* Read before the New York Microscopical 

Society. 



such matters as are suitable for food; 
and this simple process is all that is 
required for the purposes of nutrition. 

Sponge-colonies thus acting to- 
gether, secrete for the whole a skele- 
ton, or framework, which, in those 
most familiar to us, consists of the 
horny material which constitutes the 
sponge of commerce. 

Imbedded in the body of the sponge 
we often find also silicious or calcar- 
eous spicules, of many fanciful shapes, 
resembling pins, needles, clubs, 
crosses, anchors, wheels, hooks, etc. 

The framework of Cliona is almost 
entirely silicious, the spicules taking 
the form of pins, having a rounded 
head at or near one extremity^ while 
the other terminates in a fine point 
(fig. 26). Some naturalists have sup- 




FiG. 26 

posed that these spicules were the 
tools used by this sponge in excavating 
rock and shells, but the evidence 
that they are used for this purpose 
hardly warrants the definition of Cli- 
ona given in the " Micrographic Dic- 
tionary," edition of 1875, which is as 
follows: " Cliona, Grant — A genus of 
marine sponges. By means of the 
spiculae imbedded in their surface, 
they burrow into rocks, shells and 
stones." The evidence that this 
sponge burrows by means of its spicu- 
les, is not only wanting, but the suppo- 
sition that it burrows at all, would seem 
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to be still a matter of mere conjecture 
requiring confirmation by careful 
study and observation. My attention 
was called to this subject some time 
ago by the published reports of the 
discussions in the Quekett Club, of 
London, respecting the boring pow- 
ers of this sponge, from which it would 
appear that very little was positively 
known, but that many good grounds 
existed for believing, that the bur- 
rows in which Cliona is found, may 
have been excavated by annelids, or 
some other of the numerous shell- 
borers and lithodomes, that are well- 
known to possess the necessary tools 
for mining such hard bodies. 

The following are some of the prin- 
cipal reasons offered' by Bowerbank, 
and more recently by other natural- 
ists, for considering Cliona merely a 
"parasite" in the burrows which it 
occupies. 

First: That the excavations could 
not be done mechanically with the 
spicules, was shown by the absence 
of muscular or contractile power in 
the sponge, or any indications of wear 
of the spicules, as would be the case 
if they were used as tools for abrad- 
ing such hard bodies; and the sup- 
position that the sponge secreted some 
acid fluid that enabled it to dissolve 
calcareous bodies and thus penetrate 
them, was pronounced improbable 
from the fact that upon chemical ex- 
amination no acid could be detected. 

Second: That in certain specimens 
examined, the sponge was found to 
occupy only the channels near the 
outer surface; and did not penetrate 
to their extreme interior limit, as 
would necessarily be the case if it 
had made the burrows itself. 

Much stress was also placed upon a 
peculiar character of these burrows, 
which, it was thought, showed conclu- 
sively that they had been cut by the 
concentric strokes of a hard tool, like 
the jaws of an annelid. This is shown 
in fig. 27, which represents the appear- 
ance of the burrows in a thin section 
of shell, as seen under the micro- 
scope. The holes through such sec- 



tions, instead of being bounded by 
continuous and regular curves, as it is 
claimed they would be if excavated by 
a solvent, present a series of irregular, 
concave depressions as if abraded or 
gnawed by some borer, much smaller 
than the canals excavated — the arc of 
a circle in these depressions generally 




Fig. 27. 

representing, for the excavator, a dia- 
meter of something less than the yj^ ^^ 
an inch. It is also claimed that the 
burrowing larva of Scolytus, of corres- 
ponding size, was known to excavate 
in a similar manner. These eviden- 
ces, coupled with the distinct asser- 
tion " that there is not on record any 
observation which proves the sponge 
to be an excavator," would seem to 
make a very strong case against ClionO' 
as a borer. 

A careful study of the literature of 
this subject, which is quite volumi- 
nous, extending over a period of at 
least forty years, convinced me that 
there was one weak point in the 
method which, as far as I could dis- 
cover, had characterized all observa- 
tions, and which consequently invali- 
dated, to a great extent, the conclu- 
sions on both sides. This was, that 
those observations had been made 
upon dried specimens ; or, as one au- 
thor distinctly mentions, upon the 
live sponge occupying old shells and 
rocks. It occurred to me that a care- 
ful study of the live sponge occupy- 
ing, and working upon, the shells of 
healthy, living and growing mollusks, 
might present some features or evi- 
dence, for one side or the other of 
this argument, that had hitherto been 
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overlooked, and, with a view of ob- 
taining such evidence, but without 
the slightest prejudice as to which 
way it might lead, I procured some 
oysters that had recently been taken 
from the beds of the East River — a 
considerable number having shells 
tenanted by Cliona, 

An exhaustive microscopical ex- 
ination of these and similar speci- 
mens, which has occupied my leisure 
time for several months, presents the 
following features, which seem to me 
to establish, beyond a possibility of 
doubt, that the sponge is, in this case 
at least, the only factor to be held ac- 
countable for the burrows. The 
outer layer of these shells was punc- 
tured with numerous holes, often many 
hundred, varying from the ^ to the 
^ of an inch in diameter, generally 
occupied by the osculae of the sponge. 
Between the outer and inner layers, 
and extending laterally, the shell was 
almost entirely excavated, and the 
space occupied by the sponge and its 
numerous spicules ; while extending 
inward from this sponge-mass were 
innumerable minute, branching and 
ramifying burrows, uniformly and 
completely filled with corresponding 
arms of sponge, many of which ex- 
tend quite through the interior layer 
of shell, and are plainly to be seen 
under the microscope. The contact 
of these arms of the sponge with the 
external membrane of the oyster causes 
the latter to deposit at such points an 
additional amount of lime. carbonate, 
and the interior surface of such shells 
presents the appearance of numerous 
little prominences caused thereby. 
The oyster in some cases seems to 
succeed in barring out the intruder, 
but in several of the shells here 
. shown, the sponge, in almost every 
case, passes quite through. In view 
of the evidence presented by these 
shells, of the quantity of lime carbon- 
ate heaped about the puncture 
through the inner layer, it is apparent 
that the withdrawal of the animal ex- 
cavating them would be followed, al- 
most immediately, by the closing of 
such apertures. 



The only possible theory that will 
account for these burrows, if they 
are not made by the sponge, is that 
t^ey are the deserted excavations of 
annelids, or other marine worms ; and 
from the conditions here shown this 
theory is utterly untenable, for we 
shall be required to believe that this 
shell was once inhabited by an in- 
numerable multitude of such worms ; 
otherwise the perforations through^ the 
inner shell would have been closed, 
and all of these must have retreated, 
at the same time, so completely that 
no trace of them could be found, and 
the sponge must then have extended 
its growth into the deserted channels 
with such rapidity as to fill every 
minute branch before the oyster 
could bar it out by the secretion of 
enough new shell to stop apertures 
the TT^ of an inch in diameter. 

But this is not all. The burrows 
occupied by Cliona branch in all di- 
rections and diminish in diameter as 
they extend inward, which would re- 
present a method of boring quite in- 
consistent with the habits, or even 
the possibilities, of annelide, Scolytus^ 
or any other known borer. Again, in 
these specimens, the sponge was 
found in small spots on the thin la- 
minae, around the sides and anterior 
edges of the shell which represent its 
most recent external growth, and in 
such cases the laminas were perfor- 
ated from side to side. 

Respecting the concave depres- 
sions bounding excavated parts, I 
can only say that the large annelids, 
which, so far as I have been able to 
discover, are the only occupants of 
these shells except the sponge, are, 
from the character of their jaws, 
incapable of cutting such depres- 
sions, and, moreover, from their 
size, unable even to enter the 
burrows. These annelids have a cu- 
rious habit of boring into the shell a 
certain distance and then turning or 
doubling upon their track ; some- 
times sweeping around a circle, they 
come out through a course so near that 
by which they entered as to cut the 
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two canals into one, or leave between 
them an extremely thin partition. A 
section of shell through which one of 
these annelids has mined a passage 
shows, under the microscope, none of 
the concave clippings attributed to it, 
but on the contrary presents a per- 
fectly circular outline or unbroken 
curve, as shown in fig. 28, no marks of 




Fig. 28. 

the jaws being seen with a magnify- 
ing power of 120 diameters — indeed, 
the path cut by this worm is so pecu- 
liar and characteristic that when once 
examined it could never, by any pos- 
sibility, be mistaken for that made 
by any other borer. 

The manner in which the sponge 
is able to work its way through rocks 
and shells I will not attempt to ex- 
plain ; but the form or contour of the 
aggregated sponge-mass, with its ex- 
tended pseudopodia, corresponds very 
accurately with the outline of the 
spaces excavated as shown in 
figure 27. From the amoeboid 
character of its living compo- 
nents, if we admit its power of exca- 
vating at all, then, every part of its 
exterior surface possesses that power, 
and the excavations occupied by it 
are exactly such as we should expect 
to find, the monad bodies of which it 
is composed fitting the concave de- 
pressions and its pseudopodia the 
smaller burrows. 



Desmlds and Diatoms. 

BY PROF. H. L. SMITH, HON. F. R. M. S. 

I have been interested in the papers 
upon " Reproduction of Closterium," 
by Mr. Holland, and on the " Motions 
of Diatoms," by my friend Mr. Vorce, 
published in the March number of 



your Journal, and beg to offer a few 
remarks, not by way of criticism, but 
simply stating the conclusions that I 
have arrived at some time since, from 
the observations of many years and 
under varied conditions. The "swarm- 
spores" spoken of by Mr. Holland, 
are not a mode of reproduction of 
the desmids. The true reproduction 
is by conjugation, and the formation 
of a sporangium, as with the diatoms. 
It is quite true that moving spores, 
as observed by Mr. Holland, have 
been seen and described in the des- 
mids by numerous observers, and 
Mr. Ralfs, in the "British Desmidie^" 
gives a list of those who, at that 
time, had witnessed this " swarming," 
and, as something similar does un- 
doutedly occur with other algae, the 
conclusion was a very natural one 
that in the desmids these were true 
reproductive spores. Mr. Ralfs, ad- 
mitting the fact of " swarm-spores," 
says, nevertheless, that in the state of 
science at that time he could not, if 
this were a mode of reproduction, 
explain the necessity for the com- 
plicated process of conjugation, and 
the formation of a sporangium. The 
latter he figures, in the case of Clos- 
terium acerosum, on the authority 
of Mr. Jenner, as a cell in which the 
minute fronds of this desmid have 
commenced their growth, and Oersted 
has figured the same for Cosmarium. 
No one, however, has ever observed 
in the desmidieae, so far as I am 
aware, that the so-called "swarm- 
spores" are in any manner serviceable 
for the reproduction of the plant, or 
indeed, are at all like the zoospores 
e. g. of Schizomeris or (Edog/)rdum. 
Wood, in the remarks upon the des- 
midieae, in his " Contribution to the 
History of the Fresh Water Algae of 
North America," does not even men- 
tion them, giving the true reproduc- 
tion solely by conjugation. I have 
observed these spores imprisoned in 
the cells of Closterium^ and moving 
freely, and have by me the drawings, 
made years ago; but what is stranger, 
I have repeatedly seen the same in- 
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side the large f rustules of diatoms e, g. 
Navicula major and Surtrella splen- 
iida. 

It is Dot difficult to conceive how 
these may, in some minute and early 
form, have penetrated the frond of a 
Closterium; it is not so easy to see 
how they have entered an unbroken 
frustule of a diatom, but the fact is 
the same, and probably they had as 
much connection with reproduction 
in the one case as in the other. 
Mr. Holland's observations are inter- 
esting) and it is to be hoped that he 
will some day be able to trace the 
history of these, apparently desmid- 
spores, in all its stages. 

In regard to Mr. Vorce's paper, it 
is marked by careful, well-matured 
statements, and the conclusions to 
which he has arrived, are, in my 
judgment, quite correct. 
I have not the least doubt that the 
diatoms are enveloped by a mem- 
brane, out of which the stipes, tubes, 
etc., are formed ; my reason ifor this 
opWon, indeed I may say the proof 
^\ the existence of this membrane, 
will be given in a paper upon the 
7''fe History of the Diatoms," which 
"^ be published, I trust, before long. 
Jn that paper I have also hinted at 
^D explanation of the movements, 
based on experiment and observation, 
but which, after all, may prove as 
unsatisfactory as those mentioned by 
^Ir. Voice. 

These movements, so curious and 
so varied, are yet connected with the 
structure of the frustule, and we must 
Dot ignore this, in attempting to ex- 
plain them, e,g, the nitzchiae, which 
bavea continuous raphe, i. ^., without 
median nodule, or break, move in the 
niost lively manner, they are also long 
and slender; the stalked forms move 
when free, Cocconetna for example, in 
a long curve, Gomphonetna straight ; 
the navicula group move in straight 
lines, but not in so lively a manner 
as the nitzschiae. All these, except 
tne last named, have a median nod- 
dle. The surirelleae, which have the 
raphe along the four expansions, or 



ala (two for each valve), move more 
sluggishly, rolling over frequently, 
and the amphiproreae and other 
twisted forms, rock or twist as men- 
tioned by Mr. Vorce, while the cir- 
cular forms, like CoscinodiscuSy which 
have the raphe probably all around 
the margin of the cingulum, or con- 
necting zone, and edge of the valve, 
do not move at all, or if so, very 
sluggishly. The movement then is 
more or less regulated by the struct- 
ure of the frustule, and in any ex- 
planation we must not forget this. 
The careful observations of facts 
meanwhile should not be neglected, 
and the publication of them, may 
give the clue or hint that will guide 
some other observer, possibly, to the 
true solution of a phenomenon as mar- 
vellous as it is at present inexplic- 
able. 



I 



Oblique Illnmination^ with a 
Special Consideration of the 
Capabilities of Immersion 
Condensers^ and a Note on 
Symmetrical Illumination. 

BY ERNST GUNDLACH. 

The advantage of oblique illumina- 
tion has long been acknowledged in 
microscopical research. For a long 
time the simple, easy, and common 
method of oblique illumination with 
the mirror seemed adequate for all 
needs. Afterward, as objectives were 
improved and their angle increased, 
it was found desirable to have the 
mirror swing out to the widest pos- 
sible extent, to utilize the additional 
angle, thereby gaining in resolution. 

But a little later, by the further 
improvement of objectives, more 
obliquity of illumination was de- 
manded, and extremely thin stages 
and other devices were employed to 
get as near as possible to i8o^, then 
the alleged limit of aperture. I say 
alleged limit, because most people 
then believed, and perhaps some now 
believe, that to be the limit of the 
theoretical angle of aperture. To 
such, if there be any, I would say 
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that a light-cone of t8o** will give 
only half the light that a modem 
wide-angled objective can take in. 

The alleged limit of 180*' being ex- 
ceeded by makers of objectives, the 
swinging mirror proved inadequate 
to send the light through the outer 
angle of the objective ; so condensing 
lenses, prisms, reflex illuminators, and 
very wide-angle dimmersion-conden- 
sers, both achromatic and non-achro- 
matic have been constructed for this 
purpose. Of all this apparatus, the 
Abbe condenser has apparently been 
the most efficient, and* has been gen- 
erally adopted, either directly or as 
slightly modified by others (to no 
particular advantage), as the most 
suitable illuminator for the widest 
angled objectives. Hence, it is ad- 
visable to inquire whether this form 
of condenser is capable of doing all 
that is demanded of it now, or that 
will be demanded in the near future ; 
and to this inquiry I have given much 
special study. 

The Abbe condenser, in any of its 
modifications, is a non-achromatic 
system of lenses, resembling an ob- 
jective, so constructed as to com- 
bine as small a weight and size as 
possible with a certain very wide 
angle of aperture, and sufficient 
working-distance to work through 
the thickest object-slides. It has 
this advantage over most other 
forms of oblique illuminators, that, 
by means of a movable diaphragm, 
pencils of light can be made to pass 
through the objective successively 
from the center to the extremity of 
its angle without changing the axial 
position of the mirror. 

As the full advantage of a very 
wide-angled objective cannot be had 
unless light can be made to pass 
through any part of its aperture at 
will, this form of condenser would 
be the best, if it were possible, prac- 
tically, to increase its angle to cor- 
respond with that of the objective ; 
but it can be shown, and I will 
indicate the method, that it cannot 
be so increased, and that it cannot 



approach within 20® or more of 1.52 
n. a*, as is now, or soon will be, 
desirable. 

If the point where the optical axis 
of the objective cuts the plane of the 
object be considered the vertex of an 
angle which has the extended optical 
axis of the objective for one side, 
then the other side of the angle ex- 
tended downward will cut the under- 
side of the slide on which the object 
is mounted, at a certain distance from 
the axis, and this distance is propor- 
tional to the thickness of the slide. 
Besides, if the said angle is equal to 
half the angle of aperture of the ob- 
jective, then this distance is the radius 
of a circle which the available front 
of the condenser, or other apparatus, 
must cover, so that light may enter 
the objective at the most extreme 
angle of obliquity. If this distance, 
which we will call 2>, be three- 
sixteenths of an inch, then the avail- 
able surface of the condenser must 
be a circle of at least three-eighths of 
an inch in diameter. 

Now, assuming the thickness of the 
usual object-slide to be one-twelfth 
of an inch — though this is hardly 
enough — if the angle of aperture of 
the objective is given, we may find 
the distance D; for, with the thick- 
ness of the slide, one-twelfth of an 
inch, as the cosine, the distance D 
will be the sine of half the angle of 
aperture of the objective. If the 
angle of aperture of the objective be 
120**, or 1.3 1 n. a. in crown-glass of 
1.52 refractive index, then the dis- 
tance D would be 0.144-inch, which, 
however, will not introduce any spe- 
cial difficulty in the construction of 
an Abbe condenser, as the connect- 
ing, or front surface, of the condenser 
need not be larger in diameter than 
0.288, or a little over one-fourth of 
an inch. But when we come up to 
140** crown-glass angle, or 1.42 n. a., 
the distance D increases at once to 
0.228-inch, and the connecting sur- 
face of the condenser must be at 
least 0.456, or near half-an-inch in 
diameter. With so large a front sur- 
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face, or, as it is better expressed, 
front aperture, the condenser, to be 
fully up to 140® crown-glass, will have 
to be of an equivalent focus of at least 
one half-inch, which, with 140* in 
crown-glass, will make the back-aper- 
ture 1.42-inch, or near i-jV o^ ^^ 
inch*, and, in mounting it will be 
pretty close work to get this inside 
the substage tube. But let us go a 
step further and suppose an objective 
of a crown-glass angle of 160*^ or 1.49 
D. a., which may be expected before 
long. This angle will increase the 
distance J? to 0.47 -inch, and the di- 
ameter of the front aperture of the 
Abbe condenser must be at least 
0.94 or ^-inch. Now, as the in- 
crease of the angle of aperture of the 
condenser from 140** to 160^ will con- 



proportions, as would give the ap- 
pearance of a derrick, rather than 
that of a microscope. 

These examples satisfy us that the 
Abbe condenser, useful as it is, by 
no means fully meets all the require- 
ments of oblique illumination, and 
that practically this illumination can 
not very well be made of greater 
angle than it already has. Hence, 
we have either to find some other 
suitable means of obtaining still more 
oblique illumination, or to give up 
as useless, the increase of the angle 
of the objective for an increase in 
performance. 

So, it is wise to consider the solu- 
tion of this problem of illumination 
before the further improvement of 
the objective by the increase of an- 
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sfderably lessen its working distance, 
it will have to be constructed of so 
much longer equivalent focal distance 
as to keep the working distance of 
the slide thickness, of at least ij4- 
inch focus, and even with this it will 
be hard to get the required working 
distance. But a condenser of i cl- 
inch equivalent focus and 160° crown- 
glass angle will require a back aperture 
of 3.98-inches. 

Attaching this mammoth condenser 
to a microscope having a stage, and 
consequently all the base parts that 
support it on the same scale, we 
would have an instrument of such 



The radius of the actual (back) aperture 
of an objective is to the equivalent focal dis- 
tance of the latter, as the sine of half the 
angle of aperture of the objective multiplied 
oy.tbe refractive index of the medium to 
which the angle of aperture relates, is to the 
radius of this angle. 



gle. In this direction, I desire to 
submit for consideration the idea of 
an oblique light reflector represented 
in fig. 29. S represents the object- 
slide ; r the proposed reflector. It is 
a section of a sphere. The upper, 
plane surface is to be brought in 
contact with the slide by means of a 
suitable fluid in the usual way. The 
under-surface is concave. The dot- 
ted lines show the direction of the 
light, which undergoes an inner total 
reflection at the surface r, c. 

Perhaps this reflector will answer 
for the next limited period ; and, 
when even this shall prove to be in- 
sufficient, I propose to mount the ob- 
ject on the plane surface of this re- 
flector. In this way, the theoretical 
limit would be reached, and opticians 
can go on constructing objectives 
that will take and utilize the oblique 
light of this reflector. 
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Symmetrical Illumination. — 
Before concluding I desire to call 
attention to another idea, which, if 
carried out properly, may be of ad- 
vantage. I thought that a good 
result would be obtained if the object 
should be obliquely illuminated sym- 
metrically ; (, e., from diametrically 
opposite sides at the same time, with 
equal obliquity, intensity and quan- 
tity, rather than from one side only ; 
for, the secondary spectrum, with the 
unavoidable slight chromatic over- 
correction of the outer part of the 
objective, produces a more or less 
visible and disturbing spectrum, 
which will be neutralized in the pro- 
posed way. I have tried this ; and, 
after some difficulty, 1 think I suc- 
ceeded in obtaining a result in re- 
solving which I could not get in the 
usual way. 

From my limited experience in this 
matter, I can say, however, that this 
symmetrical illumination requires a 
very delicate fine- adjustment ; the 
one I used gives a motion of only 
(^ of an inch at a full turn of the 
screw ; for, apparently, the two ima- 
ges, projected separately by the il- 
lumination from each side, do not 
move in the direction of the optical 
axis when the screw is turned ; but 
they move each toward the side from 
which they are projected, and it re- 
quires great'precision to get them to 
coincide perfectly. Further desirable 
experimenting in this, for which I do 
not deem myself competent, I feel 
obliged to leave to experienced and 
skilful microscopists ; and I shall be 
grateful if informed of the results of 
any experiments tried by them. 

Plioiographing with tbe Mi- 
croscope*. 

For those persons who, like myself, 
are not skilled in the use of the pen- 
cil, a simple and inexpensive process 
of photographing microscopic objects 
is of great value. I have long felt the 



• Read by the Editor before the New York 
Microscopical Society, May jth, 1SB2. 



need of an apparatus for this purpose, 
and some time ago I prepared a dark 
room in which I could use the ordin- 
ary collodion process with sunlight. 
But unless one can set apart a room 
for such work, and can afford to 
spend a considerable amount of 
money for a good heliostat, and for 
the necessary apparatus and chemi- 
cals, there is but little pleasure in 
working with wet collodion plates. 
I have, at the present time, a long 
camera, specially arranged for photo- 
graphy with sunlight, which enables 
me to work without a dark room, but 
since I have not an entire house to 
myself, I cannot find room for it, and 
it is never used. Within the last few 
years, a more simple process of pho- 
tography has been perfected, which 
is now very popular among amateurs 
for landscape views. This is the dry- 
plate process ; and it is the applica- 
tion of this process to photomicro- 
graphy that I desire to describe this 
evening. If my attempt is success^ 
ful, I shall have the pleasure of pre- 
paring and finishing a negative before 
the close of the meeting. 

Let me first describe a very simple 
form of apparatus which, while it 
meets all requirements, is quite inex- 
pensive. I have here an ordinary 
with bellows (fig. 30). 



The apparatus consists of a board, 33 
inches long, and as wide as the came- 
ra. At one end is placed the camera, 
which is fixed in position by cleats, 
so that it cannot be moved in either 
direction, although it can readily be 
lifted up from the board. In front of 
the camera the microscope, arranged 
horizontally, is placed with the end 
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of the body-tube just entering the 
small circular opening of the camera. 
A cone of opaque cloth is usually ar- 
ranged about this opening to exclude 
extraneous light ; but I have adopted 
a different plan, because it so 
happens that the bellows of my 
camera-box is long enough to give 
me all the range in magnification 
that I desire. The opening in the 
camera-front is about the same size 
as the end of my microscope-tube. 
Removing the draw-tube, I line the 
main tube with black cloth, to prevent 
reflection of light from the inside of 
the tube, which would make it impos- 
sible to secure a sharp definition, and 
then fit in the eye-piece by wrapping 
it with a strip of blotting paper. Over 
this I slip a card having a hole in the 
centre, and then, insertmg the ocular, 
I place the microscope in position 
where the card, fitting against the 
front of the camera, completely ex- 
cludes any diffused light. 

In case I should, at any time, find 
it desirable to increase the magnify- 
iiigpower of my apparatus, I would 

cttt a larger opening in the camera- 
front; and attach a hollow cone of the 
requisite length to connect the mi- 
croscope and the camera. The cone 
might be of sheet-brass or tin, black- 
ened inside, but one in every respect 
as good, and much lighter, can be 
made of paper in this way : After the 
proper dimensions of the cone are 
determined, take some writing paper, 
and paste upon one side of it a strip 
of black cloth — farmer's satin is very 
good. Then cover the back of the 
paper with paste, and roll up the 
cone, the cloth lining being inside. 
Three thicknesses of paper will make 
it quite stiff. I use the same plan in 
lining my microscope tube, and you 
can see what a serviceable tube can 
be made in this way. Beyond the 
microscope are two ordinary con- 
densers — the one nearest the source 
of light, which is a student's lamp, is 
a bull's-eye lens ; the other a small, 
double-convex lens. Two condensers 
are used, because a brighter illumina- 



tion of the object can thus be ob- 
tained. 

At the back of the camera is a 
plate of ground glass, upon which the 
image from the microscope is re- 
ceived. The image is focussed care- 
fully upon this plate, by means of a 
simple lens ; or, by what is still better. 




Fig. 81. 

a photographer's focussing-glass (fig. 
31). It is essential to the success of the 
operation that the image be carefully 
focussed ; and when very delicate 
structures are to be photographed it 
may be desirable to use a plate of 
clear glass instead of the ground 
glass. When the clear glass is used 
the lens of the focussing-glass must 
be adjusted so as to focus upon the 
inner surface of the glass, and then 
the image is made distinct by turning 
the fine-adjustment of the microscope. 
A so-called "bank-note detector" 
is also excellent for this purpose. 
Before attempting to use the appara- 
tus, it is necessary to adjust the mi- 
croscope so that the optical axis shall 
be perpendicular to the plane of the 
ground glass. This adjustment is 
best made at night, in the following 
manner : A perfectly flat object, 
such as a section of wood, is placed 
on the stage of the microscope, and 
the image on the ground glass is care- 
fully examined. The microscope is 
then moved about, if necessary, until 
the image is as perfect as possible on 
every part of the ground glass. When 
this is done the stand should be fixed 
in its place by cleats, so that it can 
be replaced in position at any mo- 
ment. Then the light and the con- 
densers should be adjusted for the 
best effect, and the proper positions 
for the former marked on the base- 
board. To adjust the light, remove 
the ground glass, the ocular, and the 
objective ; and, placing the eye so as 
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to look through the tube of the mi- 
croscope, place the light in the axis. 
Then arrange the condensers, put on 
the object and the lenses, and focus 
on the ground glass. The focussing 
may be done by a focussing-rod run- 
ning from the back of the camera and 
acting upon the fine-adjustment of 
the microscope. This is a necessary 
arrangement when the observer can- 
not reach the focussing-screw while 
looking at the ground glass. But I 
have not found it necessary with this 
apparatus, for I can reach the fine- 
adjustment quite readily. 

When the image is distinct upon 
the ground glass, the fine-adjustment 
should be moved so as to withdraw 
the objective more or less from the 
object, to focus the chemical rays. 
Just how much the tube must be 
withdrawn must be determined for 
each objective. 

When everything is properly ar- 
ranged, the sensitized plate, which is 
in the plate-holder, all ready, is placed 
in position. The plate-holder may 
be constructed to hold either one or 
two plates. For microscopical work 
one holding a single plate is sufficient, 
and such a holder is the cheaper. 

The sensitized plates used in the 
dry-plate process can be purchased in 
packages of a dozen, and they are 
not very costly. The camera I am 
using is made to take plates five 
inches wide by eight in length, and such 
plates cost $i.8o per dozen. This 
size, however, is not suitable for mi- 
croscopical work. I have made a 
frame for my plate-holder which en- 
ables me to use plates five inches by 
four, which only cost $0.95 per 
dozen, and these are large enough for 
ordinary work. A square plate would, 
of course, be better, but square plates 
are not used by photographers, and 
therefore cannot be found in the 
market. I could easily arrange to use 
a plate five inches square in my 
holder. Mr. Adams, the manager of 
the Scovill Manufacturing Company, 
has taken some interest in the subject 
of microscopical photography ; and I 



have been trying to induce him to 
manufacture a camera especially 
adapted to microscopical photo- 
graphy. If such a camera is made, as 
I have no doubt it will be soon, it 
should have a longer bellows than 
the one before you, and square plates 
should be used. I think plates five 
inches square would be the most 
satisfactory size for general use. 

The plates are sensitized by coating 
them with what is termed a gelatin 
emulsion. Without giving the details 
for the preparation of the emulsion, 
I will say that it consists of a solution 
of gelatin holding in suspension min- 
ute particles of silver bromide. The 
particles of bromide are so minute 
that they can hardly be seen by the 
aid of a microscope. When a thin 
film of the emulsion is dried upon the 
glass plate, the plate is extremely 
sensitive to light. Wherever a ray 
of light strikes the plate, a molecular 
change is produced in the particles of 
silver bromide. When .the plate is 
exposed in the camera, the image of 
the object to be photographed is im- 
pressed upon the bromide by the 
action of the light, and the amount of 
change is proportional to the intensity 
of the light. Hence, where there is an 
image of a white object, or, what in 
microscopical work with transmitted 
light amounts to the same thing, 
where the light passes to the plate 
without passing through the object, 
the change is greatest, and with every 
different shade there is a proportional 
difference in the action on the plate. 
Opaque structures, or those which 
transmit only red or yellow rays, pre- 
vent any change in the sensitive 
surface. 

But after the plate has thus been 
acted upon by the light, whatever 
change has taken place is quite invisi- 
ble. The latent image will remain in- 
visible for an indefinite time, if the 
plate is preserved in darkness. To 
make it visible it must be devel- 
oped ; and although this operation 
should be done in the dark room, 
lighted by a lantern with ruby glass, 
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such as I have here, I shall en- 
deavor to perform the operation this 
evening so that you may all watch the 
development of the image. The de- 
veloping solution consists essentially 
of some reducing agent — sulphate of 
iron, for example, or pyrogallic acid. 
These, when properly applied to the 
surface of the exposed plate, cause a 
reduction of the silver over those 
parts which have been acted upon 
by the light, and all those parts be- 
come dark and more or less opaque. 
It is in those parts of the negative, 
vhich correspond to the light parts of 
the object, that the details of the 
picture are to be looked for as the 
development proceeds. After the 
picture is fully developed it is washed, 
and fixed in sodic hyposulphite. 
This removes all the unchanged sil- 
ver bromide, and clears the plate. 
The plate is then set aside to dry, 
and is afterwards varnished, when it 
is ready to be printed from. 
For photographing from the micro- 
scope by lamplight, it need hardly be 
s^d that the plates should be very 
sensitive to light. It might be in- 
feed, therefore, that the most sensi- 
&Ve plates are the best for this pur- 
pose. But it is doubtful if this is so. 
I am not able to speak from experi- 
ence in this matter, never having used 
the most rapid plates, but I should 
expect to find more detail in a nega- 
tive from one of the less rapid plates. 
^ have made use of only one kind of 
plate— the "Keystone Rapid "plate 
' B," and the results have been quite 
satisfactory. The time of exposure 
varies with the structure to be photo- 
graphed. The object I have chosen 
for this evening is one which I have 
not previously tried, an insect mount- 
ed in Canada balsam, but the 
inaage leads me to think a compara- 
tively short exposure will suffice. 
T^o photograph an object which is 
yellowish or red, although the form 
of the object would be quickly im- 
pressed upon the plate, to obtain the 
details—the delicate shading of the 
different parts, which is necessary to 



give character to the photograph — 
would require a much longer time. 
The reason for this is that the red and 
yellow rays act very slowly upon the 
silver-salt. Therefore no definite in- 
structions can be given. However, 
yellow rays, as Prof. Kain has ob- 
served, act upon the dry-plates with 
comparatively greater activity than 
they do upon collodion wet-plates. 
In Prof. Kain*s article upon this sub- 
ject, published last month, the rela- 
tive exposures for several different 
objectives is given. 

The highest power I have yet used 
with this apparatus is a so-csdled }4' 
inch and the lowest ocular, which gave 
a magnification of about 300 diame- 
ters. The combination that will be 
used this evening is a Gundlach i-inch 
and the same ocular. The magnifica- 
tion thus obtained is 85 diameters. 
I shall expose the plate about one 
and a half minutes. 

I see. no reason why a power 
as high as a |^-inch objective cannot 
be employed with satisfactory results 
with the same source of light. How- 
ever, the electric light will doubtless 
be available for this purpose before 
long, and with that there will be no 
difficulty in using very high powers, 
as Dr. Van Heurck has already done. 
But if lamplight proves inadequate 
for the higher powers, sunlight can 
be employed with the same apparatus. 
Moreover, with the dry-plates sunlight 
can be used without a heliostat, for 
the exposure required is so very brief 
that the sun will not leave the object 
before the exposure is made, if one 
works expeditiously. While writing 
this I received a letter from Mr. John 
Carbutt, of Philadelphia, who has de- 
vised a lantern, the patent for which 
was issued last month, which he 
thinks will be of great assistance in mi- 
croscopical photography I do not 
know what special advantages are 
claimed for this lantern, but probably 
it gives a very intense light. 

Those who wish to undertake the 
work of photographing from the mi- 
croscope will, I am sure, find it very 
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enjoyable, and it is really very easy to 
make good negatives by lamplight. 

As for the printing on paper, I 
would not advise amateurs to under- 
take to tone and fix his paper 
prints. It is a more or less trouble- 
some operation, and requires some 
experience to do it well. Sensitized 
paper can be bought in sheets, and it 
is well enough to get a printing frame 
and to do the printing if one has 
time, for the microscopist can print 
from his own negatives better perhaps 
than an experienced photographer 
who is ignorant of the special features 
to be brought out. But the subse- 
quent processes of toning and fixing 
had better be entrusted to practical 
photographers who are prepared to 
do much better. 

There is a small, but very useful 
and practical book which I can re- 
commend to anyone who desires to 
learn the details of making dry-plate 
negatives — " The Photographic Ama- 
teur," by Mr. J. Trail Taylor, Avho 
has kindly volunteered his valuable 
assistance in making a negative this 
evening. This book was written 
especidly for amateurs in field photo- 
graphy, but it contains all the in- 
formation the microscopist will re- 
quire, and it is sold for half a dollar. 

o 

Hints to Amateur Microscopists. 

BY REV. W. S. FALKINBURG. 

I presume that one, at least, of the 
almost imperatively necessary quali- 
fications of a microscopist is ingenui- 
ty. When one is a thousand miles 
from the manufactory of accessories, 
or when, if he were within one square, 
on account of the lack of the " root 
of all evil," he is unable to purchase 
what he needs, a friend helps him to 
make it for himself, or helps a near 
neighbor to do it for him, I think it 
certainly is the act of " a friend in- 
deed." I have the misfortune to be- 
long to the class whose ** ship has not 
come over," and as the family of 
these is large, let me tell how I im- 
provised an excellent bull's-eye con- 



denser, hoping that I may help some 
brother microscopist. 

First I cut a disc of sheet-tin, 2 
inches in diameter. Then, using a 
piece of French plate-glass (as thin 
as possible), I cut it, as near the size 
of the tin as I could, with a steel-disc 
glass cutter ; then, with a pair of 
scissors held unter water, I cut the 
glass to the exact size and shape of 
the tin, then ground the glass upon a 
grind stone, until it was round and 
smooth. Then, taking an old-fash- 
ioned bull's-eye watch-crystal, such 
as watchmakers have, I ground the 
side that would be next to the face 
of the watch, until it laid perfectly 
flat and snug upon the plate-glass. 
Then, after carefully cleaning the 
glasses, filled the crystal with warmed 
glycerin, and covered it with the plate- 
glass, just as we drop the cover upon 
a slide, so as to enclose no bubbles. 

Then wipe off the overflowing gly- 
cerin and cement the edge of the 
crystal with gold-size. 

I then made a cell of sheet-brass, 
but a blacking box of the right 
size will answer. Solder a tin 
or brass tube to the side of it. Fit 
a 3^ -inch wire into the tube. Let the 
wire pass through a cork placed upon 
an upright rod, and fasten this into a 
solid foot, and it is complete. 

My condenser is a plano-convex, 
1% inches diameter and of 3 inches 
focUs. 

I have painted the brass and other 
work, and have used it daily to per- 
fect satisfaction. 

Greenwood, Ind. 



Double Staining with Carmine 
and Anilin Green. 

The preparations used by the 
writer for the above process are 
those recommended by Geo. E. Da- 
vis, F. R. M. s., in his work, " Practical 
Microscopy," just issued. 

The formula for the carmine stain 
is : carmine, 15 gr.; ammonia, 15 gr.; 
distilled water, 2 oz.; dissolve car- 
mine in ammonia over the flame of a 
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spirit lamp, add the distilled water 
and filter. 

For the green stain : anilin green, 
5 gr.; absolute alcohol, z oz. 

Very beautiful results are obtained 
from the following method of using 
these preparations together. The 
section is immersed from five to ten 
minutes in the green, and then passed 
at once into the carmine, in which 
it remains from one to three minutes, 
the process being carefully watched 
m order that the carmine may not 
stain too deeply. It is then thoroughly 
washed in absolute alcohol, passed 
through oil of cloves, and then 
mounted in solution of balsam in 
benzole. The use of the benzole- 
balsam is important, as it has a de- 
cided action in fixing the stain, due 
to the presence of benzole. Two or 
three drops of each liquid suffice, 
and the whole operation is performed 
upon a glass slide, or in a watch- 
glass. 
The woody parts of the section 
take a rich carmine, shading into 
oniDge, while the pith and light cel- 
lular tissue are stained a bright 
orange-yellow. In a section (trans- 
^e^j of the leaf -stem of the sago- 
palm, the outer cells, which are 
smaller and more compact than the 
fflore central ones, were dyed a rich 
orange-yellow, and their nuclei a 
bright carmine. The curious large 
ducts in the central portion of the 
stem, which, as a system, form in a 
transverse section a figure like the 
Greek capital omega, take a pleasing 
variety of shades, the cells around 
the edges being a bright orange, the 
central cells shading down to deep 
carmine. These sections of the mid- 
rib of the sago-palm, by the way, are 
beautiful objects stained or unstained, 
and one of the best examples of 
curious cell arrangements to be found 
^ywhere. 

The action of the dyes made from 
the above formula is quick and cer- 
tain, and the effects very satisfactory. 

T. W. Taylor. 



A Food Habit of Difflugia Pi- 
riformis. 

BY DR. A. C. STOKES. 

It is well known that the orange- 
colored, Actinophrys-like rhizopod 
Vampyrella lateritia^ feeds upon 
the cell-contents of spirogyrae, but 
has it been observed that the shell- 
bearing form Difflugia pyriformis has 
a similar habit ? Such, indeed, is the 
case, and Difflugia^ if more deliber- 
ate than Vampyrella^ is quite as vo- 
racious. I have seen one individ- 
ual despoil four spirogyra-cells of 
their contents in about three hours 
and have its activity thereby increas- 
ed, although the creature must have 
been gorged. 

Having come to rest upon a fila- 
ment of the alga, the rhizopod perfo- 
rates a cell-wall, whether by pressure 
alone or in some other way does not 
appear; probably, however, by diges- 
tion, since, when the spirogyra-cell is 
seized by its free end, it is drawn 
into the mouth of the shell, and pre- 
sumably comes in contact with the 
endosarc, and when taken in any 
other position the whole cell is forced 
into a curve, so that the shell rests 
upon the convexity, the upper wall 
being drawn within the mouth and 
marked by diverging wrinkles. 
Through the opening, pseudopodia 
enter and, uniting, seem, from the 
first, to form a sarcode lining between 
the cellulose wall and the chlorophyll 
band. As the sheath of animal pro- 
toplasm slov/ly advances, the chloro- 
phyll band falls and, losing its dis- 
tinct, crenated outline, becomes par- 
tially disintegrated and is borne to- 
ward the shell by a reverse central 
current. When the cell is half-emp- 
tied, the sarcode envelope is more 
distinctly developed, the free ex- 
tremity being especially thick. Fi- 
nally, the whole slowly disappears 
into the shell, and pseudopodia of the 
ordinary form then explore the empty 
cell and pick up any fragments that 
may remain. 

Trenton, N. J. 

o 
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Collecting at the Thousand 
Islands. 

The Thousand Islands afford a 
good field for fresh-water material. 
Nearly every form found in the Great 
Lakes and their tributaries can be 
found there in greater or less abun- 
dance. Winrows oiNitella are found in 
Crystal Bay at Thousand Islands Park. 
Swarms of hydras may be gathered 
under the leaves of pond-lilies at the 
foot of "Seven Isles, "or in the "Lake of 
the Island." Water-weeds of various 
kinds have their rich slimy coating 
of diatoms ; surfaces of rocks in pla- 
ces have a thick coating of fine algae 
and infusoria. River Gananozne 
gives the diatoms of Canada with 
nostocSy myxomycetes and confer- 
vas in abundance. 

Bays where streams empty are rich 
in black mud and various algae. Bar- 
ren rocks have their lichens, with 
parasitic lichens. Diatoms though 
mostly of smaller forms, nearly ex- 
haust the first two fascicles of Van 
Heurck's Synopsis, Nearly everything 
microscopical may be found here 
that grows in our northern climate, 
being the great reservoir of many 
waters. Take along your micro- 
scopes. J. M. A. 

EDITORIAL. 

Subscriptions. — Remittances for subscrip- 
tion should be made by i>ost-office, or express, money- 
orderf bv drafts payable in New York, or in registered 
letters. Money sent in any other way will be at the 
sender's risk. A receipt will be immediately given for 
money received by open mail. 

Water Colored by ALGiE. — In 
England the formation of a green 
scum upon the surface of ponds is 
called the "breaking of the meres." 
It is caused by the rapid growth of 
algae of different kinds. 

Long ago one of the plants which 
caused this appearance at EUesmere, 
Eng., was described as Echinella ar- 
ticulata, which is given in Raben- 
horst's "Flora Algarum," III, 386, 
as ChcRtophora punctiformis. This is 
a plant with tapering filaments grow- 



ing out from a common centre, form- 
ing minute, globular, transparent, 
green masses, the filaments growing 
to about 0.7 mm. in length, with a 
spherical cell at the base of each. 

Mr. M. C. Cooke, in Grevillea, has 
drawn attention to some other algse, 
which have caused a similar appear- 
ance. In a lake near Aberdeen^ 
spherical bodies oi -^ io -^ of an 
inch in diameter were observed in 
great abundance. This was named 
Rivularia echinulata^ and along with 
it was found an alga named Trichor- 
mus flos-agucB, Bory. We are unable 
to identify the Rivularia under the 
proper name according to the pre- 
sent classification, but doubtless it is 
a species of Chcetophora. 

Another alga, which was found in 
great abundance in Ballydrain Lake, 
was described as Anabcena spiralis^ 
but afterward transferred by Raben- 
horst to Spiruiina and named Sf. 
Thompsoni, 

Among the other algae mentioned 
in this connection are Anabana flos- 
aqucB, Bory, Spharozyga flos-aqua^ 
Oscillatoria eerugescens, and Osc. ru- 
bescens which forms a reddish scum. 
The Anabcena flos-aquce, Bory, may 
be Rabenhorst's A. circinalis. 

Last year, the water in the ponds 
of Central Park, in this city, was oc- 
casionally colored very deeply by a 
species of Anabcena to which we have 
not ventured to give a specific name 
as yet. This we found in abundance 
in the large lake, and also in a pond 
not far from the Museum of Natural 
History, in August. Mingled with it 
was Anabcena bullosa. 

At other times we have seen the 
water near the cave, in the Park, co- 
lored with Oscillaria, 

Other species produce the same 
phenomena, and whenever any of 
our readers observe the coloration, 
we would be glad to have them in- 
form us of the cause. 

About New York, a green and a 
very bright-red scum is formed by 
Euglena tnridis^ which is at one time 
green, and later becomes red. This, 
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however, can hardly be claimed as 
an alga. 

o 

Numerical Aperture. — ^We have 
reason to believe that a plain state- 
ment of what numerical aperture is, 
will be acceptable to some of our 
readers. 

In the first place, a few words 
about angular aperture. Suppose we 
have a dry objective with an an- 
gular aperture of 157^ Testing the 
resolving power of this lens, we find 
that it will resolve about 95,000 lines 
to the inch, and no more. 

Take now a water-immersion ob- 
jective that will just resolve the same 
lines, and a homogeneous-immersion 
that will do the same, and measure 
the angular aperture of these in the 
respective immersion fluids. In this 
way we find the angular apertures of 
the immersion lenses corresponding 
to the angular aperture of the dry 
lens ; in other words, we find the an- 
gular apertures in air, water and oil, 
vhlch correspond to a certain resol- 
ving power. These three correspond- 
ing apertures are about 157^ in air, 
95' in water and 80** in oil. 
According to the old notion of an- 
gular aperture, the larger the angle 
the greater the resolving power. But, 
in this case, the actual effect is the 
very opposite, for, as we introduce 
immersion media the angle grows 
less, but the resolving power remains 
the same. Evidently, therefore, the 
old notion was wrong in some way. 
Increase of aperture in a given me- 
dium, as air, water, glycerin or oil, 
does give greater resolving power, 
and thus far the notion is well 
founded. But since, in passing from 
air to water, from water to glycerin, 
and from glycerin to oil, the angle 
of aperture grows less, while the re- 
solving power remains the same, it is 
clear that resolving power does not 
depend alone upon the angle of aper- 
ture. Some other element must be 
considered, and it naturally appears 
that this is dependant upon the im- 
mersion-fluid, — there is some relation 



between the angular aperture, the 
immersion-fluid, and the resolving 
power. It has been found that the 
index of refraction * of the immer- 
sion-fluid is the element to be con- 
sidered. 

Before explaining numerical aper- 
ture, let us inquire what practical 
value it has. It was stated above 
that 157® air-angle was equivalent to 
95® water-angle. A manufacturer of 
objectives makes a water-immersion 
lens and perhaps marks it as 157^ 
dry-angle. Such a mark is proper 
enough, since the lens resolves the 
same as a dry objective of that angle. 
Nevertheless, it has no dry angle, 
and therefore it should be marked 
95* water-angle. Well, suppose it is 
marked 95® what does this mark 
signify ? Suppose we wish to com- 
pare that objective with others, some 
dry, some glycerin-immersions, some 
oil-immersions, how can we tell how 
these lenses should compare in re- 
solving power ? We would be obliged 
to take the apertures marked by the 
makers for the different media, and, 
by troublesome calculations, reduce 
them all to corresponding apertures 
in any one of the four media. Not 
until we do that can we tell whether 
a dry objective of 160**, a water-im- 
mersion of no**, a glycerin-immer- 
sion of 90**, or a homogeneous-im- 
mersion of 70**, in their respective 
media, should resolve the finest lines, 
if all are equally well made. 

Numerical aperture, however, tells 
at once the resolving power of a lens, 
no matter whether a dry-lens or an 
immersion in any fluid whatever. 
Numerical aperture, therefore, con- 
siders not only the angular aperture, 
but the effect of the refractive index 
of the immersion-fluid upon the an- 
gular aperture. It expresses the nu- 
merical relation between these two. 
It is determined by measuring the 
angular aperture and the refractive 

* The index of refraction of any medium 
is the numerical relation of the sines of the 
angles of incidence and refraction. 
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index, and multiplying the refractive 
index (/) by the sine of half the an- 
gular aperture {stn, j^a); i X sin, yia 
= n. a. 

All objectives having the same nu- 
merical aperture, have also the same 
resolving power, whether they work 
dry, in water, oil, or in any other 
fluid. Thus a numerical aperture of 
0.98 corresponds to an air-angle of 
147° 29', a water-angle of 92** 24', 
an oil-angle of 78° 20', and to a re- 
solving power of 92,544 lines to the 
inch. A numerical aperture of i.oo 
corresponds to the theoretical air 
limit, 180®. So far as we know, the 
highest numerical aperture yet ob- 
tained is 1.43 for a homogeneous- 
immersion I -1 2-inch by Mr. T. 
Powell. This corresponds to an oil- 
angle of 140**, and, according to the- 
ory, should resolve 137,000 lines to 
the inch. The highest angle for a 
water-immersion is 1.32 n. a., or 
155** for a ^-inch by Powell & Lea- 
land, which should resolve 125,000 
lines to the inch. 

Next month we purpose giving a 
table of numerical apertures with 
their corresponding angular apertures 
and resolving power in different 
media. 



Aperture and Resolution. — 
Mr. Gundlach's article on page 85 is 
worthy of consideration by those who 
believe that the celebrated ^-inch 
objective, recently made by Bausch 
& Lomb, is capable of resolving a 
band of 152,000 lines to the inch. By 
referring to a table of theoretical re- 
solving power for different numerical 
apertures, it will be seen that in order 
to resolve such a band, the numerical 
aperture must be above 1.52, which is 
equivalent to 180° in oil, and this would 
require an immersion-condenser, ac- 
cording to Mr. Gundlach's calcula- 
tions, with a " back aperture " of over 
four inches in diameter. 

While writing on this subject, it 
may be well to call attention to the 
fact that the appearance of lines in 
the image is no evidence that the im- 



age is produced by lines. This fact 
seems to have been quite overlooked 
by some writers. The dots of F. 
angulatum may be made to appear 
like lines, and many other cases of 
similar nature might be cited. Again, 
the number of lines in an image is, 
alone, no evidence of the number on 
a lined object under examination. 
Prof. Abbe and Mr. Crisp, of London, 
have given satisfactory ocular proof 
of this fact, and also Mr. Warnock, of 
this city, who has a plate with a 
known number of lines in a given 
space, with which he occasionally en- 
tertains his friends by so adjusting 
the light that the number of lines in 
the image is doubled. 

In a previous article we have de- 
manded proof of the number of lines 
in Mr. Fasoldt's bands, by photo- 
graphy. But photography will repre- 
sent what we see, and in this connec- 
tion is only of value in so far as it 
enables us to readily count the lines, 
and thus compare the number in the 
image with the number claimed by 
the maker of the plate. It is of no 
other use whatever. If the image 
shows the same number that the 
maker claims, the presumption is that 
the claim is correct. If it shows a 
greater or less number, it is proof 
that the claim is not well-founded. 
But the fact must be always borne in 
mind that the presence of lines in a 
photograph does not prove that the 
object is a lined object. We do not 
see the fine lines in a band, but we see 
the spectral images which that band 
produces. 

Although we have freely expressed 
our opinion concerning the claims 
made for the J^-inch objective of 
Bausch & Lomb, it should be fully 
understood that we have not intended 
to express any opinion against the 
excellence of the objective. On the 
contrary, during the short time when 
one of the objectives was in our pos- 
session we were much pleased with its 
resolving qualities, as manifested on 
A. pellucida, 

o 
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Improvements in Microscopes. — 
Mr. W. H. Bulloch has been con- 
stantly improving his stands and ad- 
ding some ingenious devices during 
the past year. He has made several 
"Biological" stands with rack and 
pinion to the sub-stage. He has made 
a supplementary stage for use in ar- 
ranging diatoms, which is doubtless 
very useful for that purpose. It fits 
into the substage-ring and a stem 
projects up through the hole in the 
main stage. Upon the stem there is 
an arrangement like a double nose- 
piece, which carries two glass slips. 
One of the slips is intended to carry 
the material from which the diatoms 
are to be selected; the other the pre- 
pared slide upon which they are to be 
mounted. The two slips can be 
moved about independently upon 
their supports. The hair or bristle, 
is mounted on the mechanical stage. 
The slide carrying the material is first 
focussed, the diatom picked up, the 
siipplementary stage is turned until 
tbc clean slide is in focus, when the 
torn is placed in position. 

For a long time Mr. Bulloch has 
discarded the indefinite system of 
marking oculars by letters, and has 
designated his by their focal length, 
or magnifying power. 

o 

The Microscope Trade. — That 
there are certain principles which 
must never be lost sight of in the suc- 
cessful conduct of business, no argu- 
ment is needed to prove. When a 
number of persons are rivals in busi- 
ness, it is not always true that the 
one who does the largest trade is the 
most successful ; but those who, pur- 
suing a conservative and even course, 
making every sale more than pay the 
expenses incurred in effecting it, are, 
in the long run, the ones who find 
business profitable. Not only is such 
a course best for the merchant, but it 
is sure to prove most satisfactory to 
the customers. 

It is a lamentable fact that all who 
are engaged in the microscope trade 
in this country, have not appreciated 



the application of these facts, and of 
a few others which are quite as self- 
evident. 

The microscope trade here should 
be more profitable thah it is to-day. 
It has been injured by a neglect of 
proper business principles, not to say 
by unfair dealing. We regret the 
fact, because good business leads to 
rapid improvement in manufactured 
articles. Legitimate competition ben- 
efits both merchant and purchaser, 
but to undersell a competitor for the 
sake of securing custom, is not fair 
business, and the effect upon the cus- 
tomer is not good for the seller. 

It is customary for dealers in mi- 
croscopes to sell to colleges *at a dis- 
count from list-prices. This is proper 
enough, but when professors in col- 
leges assume the role of dealers, and 
sell to students and others on the 
same terms, the effect is most unfor- 
tunate. Manufacturers are respon- 
sible for the custom, and no doubt it 
originated in over-production. The 
market has been overstocked with 
microscopes. We have been informed 
of some dealers who make it a prac- 
tice to sell microscopes to indivi- 
duals, at ten and twenty per cent, 
off the catalogue prices. Perhaps 
this is none of our business. We 
think it is, however. It is to our 
interest to expose abuses in the mi- 
croscope trade, just as much as it is 
to prevent, as far as possible, the sale 
of inferior and useless microscopes. 
" A word to the wise is' sufficient " 
— sometimes. 



Life in a Jar of Water. — Look- 
ing over some jars of water a few 
days ago, that had been standing for 
months in a window, one of them, a 
quart specie-jar having a single 
growing spray of Nitella, with some 
vegetable debris at the bottom, was 
found to contain hundreds of hydras, 
attached to the sides and to the plant. 
These were the progeny of about half a 
dozen specimens that were placed in 
the jar a couple of months previously. 
By occasionally feeding the animals 
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with entomostraca, they will flourish 
in an aquarium for an indefinite 
length of time. 

The hydras, as first observed, all 
belonged to the common green spe- 
cies, Hydra viridis. Later, however, 
we were able to find a flesh-colored 
hydra among .them, belonging to a 
different species. These, flesh-colored 
forms were rather larger than the 
green ones, and the tentacles were 
much longer, and more slender and 
graceful.. They belong to a different 
species, Hydra vulgaris. In another 
jar, in which an abundance of 
Nitella had been vigorously growing 
all winter, a small, feathery, olive- 
green ball was observed, the nature 
of which was quite unknown until it 
was examined under a microscope. 
It floated free in the water, and was 
readily drawn up in a dipping tube. 
A glance through the microscope re- 
vealed its nature. It was a young Toly- 
pothrixy which, upon further study, 
proved to be 71 muscicola^ a common 
form. The characteristic feature of this 
genus of algae is the peculiar manner 
of branching. The filaments are 
straight through the greater part of 
their course, but where they branch, 
the lateral filament runs along for a 
short distance almost parallel with the 
main filament, and then diverges from 
it. The color is dark-green, or olive- 
green as it is usually called. How it 
ever came to grow in the jar is a mys- 
tery ; for it is long since we found that 
plant in any of our collections. The 
spore must have remained latent in 
the jar for months before it began to 
grow. 

o 

Newspaper Science. — What is the 
irresistible force which seems to per- 
vade the editorial sanctums of nine- 
tenths of our newspapers, and impels 
them to select the absurd nonsense of 
ignorant and sensational writers for 
publication as scientific knowledge, 
when they might, at the same cost 
and with no more trouble, fulfil 
their true mission as public educa- 
tors? It seems as though there was 



some baneful influence at work which, 
with a strong and unfortunate fatality, 
leads our journalists to select the false 
in preference to the true. Is it pos- 
sible that such "news" is more at- 
tractive to the public ? Or do Editors 
think it is? Our own experience 
leads us to believe that in New York 
City, the editors of our best newspa- 
pers will publish absolutely erroneous 
articles upon scientific subjects, ra- 
ther than submit such articles to 
the perusal of persons competent and 
willing to criticise them. So long as 
the sale of the paper is not injured 
by them, the public must have such 
articles foisted upon it as " scientific 
news." 

We are led to say all this because 
we happened to notice ^n article 
from the Mechanical NewSy headed, 
" Power of the Microscope," the fol- 
lowing quotations from which are too 
absurd for criticism: 

" There is a difficulty in determining the 
exact degree of magnifying power." " It 
has been found that in microscopic obser- 
vations the use of the electric light makes 
it possible to illumine at least 500 times 
stronger than with gas." "By what is known 
as Chevalier's method, the light is sepa- 
rated by its difference in refrangibility so 
that the heat rays are almost excluded." 
" Bold as the attempt may seem, micro- 
scopists have undertaken * * * to 
estimate the size of the ultimate elemental 
particles or atoms of which all matter is 
composed." " The startling belief is ex- 
pressed that the common house-fly is able 
to see and distinctly recognize these in- 
conceivably minute particles, its eye hav- 
ing been found equipped with a peculiar 
circular muscle, unknown to early ento- 
mologists, which enables it to so change 
its focus and apply its lenses as to attain 
this incredible visual power." 

What a conglomeration of error 
and deliberate falsehood is revealed 
in these quotations! We only know 
of one man who would be likely to 
write such an article, even for pay, 
and we strongly suspect this is only 
another of his indiscretions. But is 
not the Mechanical News ashamed of 
itself for printing such nonsense, and 
Good Health also for copying it ? 
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NOTES. 



— In the Popular Science Monthly, of 
April, there is an interesting sketch of 
M. Louis Pasteur, with a portrait of that 
distinguished investigator. Pasteur is a 
man whose name will always be closely 
associated with investigations of ferments, 
and the oiganisms connected with disease. 
He is an excellent chemist as well as a 
close observer with the microscope. Few 
men, indeed, have worked so earnestly in 
science as Pasteur, and few have lived to 
see the results of their labor so widely ap- 
preciated. 

—Messrs. J. W. Queen & Co. have a 
series of twenty-four sections of starch- 
bearing vegetables and starch-granules 
which they recommend as polariscope 
objects. We should think they would be 
very attractive objecjts, for a section of a 
potato mounted for the polariscope is very 
gorgeous. We do not Know the price of 
the set, and we have not seen the slides, 
but they are probably well mounted. 

-Mr. W. H. Bulloch claims to have been 
the first to introduce an iris diaphragm 
fitted with the society-screw for use above 
an objective. In his catalogue of 1878, 
pjft 8, he refers to this sentence : " The 
Iris Diaphragm has the society-screw so 
that any objective can be used for con- 
denser, or it can be used above the ob- 
jective as an adapter, to reduce the 
angle of light in the instrument." He 
caims priority of invention on the ground 
of having been the first to publish a 
description of it. 

—Mr. E. S. Nott writes that he found 
l^t month Amfihipleura pellucida in a 
small brook at Hamburg, in Erie County, 
New York State. He states that it is 
smaller than those of MoUer in the ratio 
of 12 to 16, and the lines are correspond- 
ingly finer. 

— Rev. J. J. Halley, of Melbourne, 
Australia, recently adressed the Royal 
Microscopical Society of London, describ- 
ing a process of preparing wax cells that 
liad proved to be durable. 

A mixture of wax and spermaceti 
(about Yd, part of the latter) is placed 
upon the middle of the slide, and the 
surface made perfectly level. The slide 
is then placed on the turn-table and the 
cell turned up out of the solid wax. 

—Dr. J. Muller, of the University of 
^neva, has made some observations 
upon a lichen, Coenogonium pannosum. 



which bear strongly against Schwende- 
ner's hvpothesis. He finds in this species 
that tne filament which contains the 
gonidia, and which, if the lichen is an 
alga with a parasitic fungus, would be the 
algal filament, suddenly narrows from a 
diameter of 8/( to only 2/^. The narrowed 
filament corresponds with the so-called 
fungus-hypha of other lichens, but a very 
careful examination shows that it contains 
micro-gonidia, and is not a fungus- 
filament. A translation of this article is 
published in Grevillea, of March, 

C0BBE8P0NDENCE. 

On Amphipleura Pellucida. 

To THE Editor: — American micro- 
scopists can, with a few exceptions, be di- 
vided into two classes, namely, those who 
test objectives and demand wider angle 
for them, and those who are laboring for 
the improvement of microscope-stands. 
In the second mentioned class are those 
who are trying to pursuade makers of the 
instrument to adopt uniform names and 
sizes for accessories to the microscope. 
Belonging to both classes are those who 
desire that the metric system of measure- 
ment shall be used in microscopical work. 
I belong to the first named class, ranking 
in ability next to the lowest man. For en- 
larging our knowledge of microscopical 
natur^ history, we Americans rely mainly 
on observations abroad. 

An American, experienced in using the 
microscope, who succeeded with an ob- 
jective, theoretically competent, in show- 
ing the lines on Amphipleura pellucida 
— ^the first " resolution " of those lines ever 
made, perhaps, — subsequently found that 
at the time of such first " resolution," he 
had been for eighteen months the possesser 
of another objective, by a different maker, 
less capable, theoretically, which accom- 
plished the same result. This was unfortun- 
ate for the maker of the older object-glass, 
who was an unpretending man, because 
he had, as thus related, constructed, but 
was never publicly credited with con- 
structing, the first objective which showed 
these fine markings ; and it was unfortun- 
ate for the microscopist, also, because 
Eractical investigation might have saved 
im eighteen months of time spent in 
theorizing. 

Inexpressibly sad was the fate of an- 
other American microscopist who lived 
before the time of immersion-objectives. 
He was a searcher for diatom markings — 
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a determined seeker after the shadowy 
tracery supposed to exist in the filmy Am" 
phipleura pellucida. He was a physi- 
cian; but the infatuation of staring 
through his microscope, in a vain effort to 
" resolve " this misty diatom, gradually 
absorbed all his time, destroyed his prac- 
tice, and so encroached upon his means 
that he became poor. Finally, his one- 
tenth-inch objective, by Spencer, became 
the substitute for his best suit of clothes. 
A fifteenth, and then a twentieth objective, 
by Wales took the place of his pawned 
gold repeater and auction-sold library. 
His shining silk hat and his sleeve-buttons 
were forsaken for a slouch " Derby " and 
an achromatic condenser. He wore a 
shirt two days to save washing bills in 
order to* obtain an Abraham's prism, and 
he starved himself on cheap victuals that 
he might buy a second prism for an addi- 
tional ray of oblique light. He neglected 
his friends, who never saw him when his 
head was not bent over the microscope. 
Weaker and weaker he grew in his wild 
chase after the phantom lines, till death 
overtook him one night as he sat in his 
barren room, surrounded by glittering 
brass tubes and flashing accessories, and 
his last breath was spent in a feeble at- 
tempt to whisper faintly : " Wider angle." 

O. C. 

[For the information of those readers 
who may not be quite willing to credit 
the story as related by our correspondent, 
we may say that there is " more truth 
than fiction " in it, as a number of New 
Yorkers well know. — ^Ed.] 

- - - - - - i - 

HICBOSCOPIOAL SOCIETIES 

Since our last issue, the Elmira' Mi- 
croscopical Society gave its first annual 
soiree, on April 20th, for which great 
preparations were made. We are indebted 
to both Dr. Gleason, the President, and 
Dr. Up de Graff for complimentary tickets. 
We have no doubt the occasion was very 
enjoyable, and we very much regretted 
our inability to be present. 

At the Camden Microscopical Society, 
Prof. C. H. Kain discussed the subject of 
photomicrography, on the evening of 
April 6th. We have already printed a 
summary of his remarks on that subject, 
but one point of importance was omitted 
in the published article, which is that the 
dry-plates are quite sensitive to yellow 
light, and are therefore peculiarly adapted 



to such work. Two photographs were 
taken at the meeting, with excellent re- 
sult. 

At a meeting of the New York Mi- 
croscopical Society held on April 7th, Mr. 
Hitchcock spoke on the genetic relations 
of fresh-water algae. The substance of 
his remarks will be published next month. 
Some specimens of algae were exhibited, 
among them Coleochcste scutata and a fine 
specimen of (Edogonium Boscii in fruit. 
Some other objects of interest were also 
shown. 

At the meeting of April 21st, the sub- 
ject of illumination was to have been dis- 
cussed, but so much time was taken up 
by remarks about some objects which 
were brought for exhibition, that the sub- 
ject for the evening was laid over for one 
month. Mr. E. G. Day exhibited a Zeiss' 
objective, ranging in power from a 2-inch 
to a 4-inch, the magnification being 
changed by turning the collar. Mr. War- 
nock showed A, pellucida with a Tolles 
1-6-inch homogeneous-immersion object- 
ive, having a prism set in the objective for 
illumination from above. This objective 
was the first homogeneous-immersion to 
which the prism illuminator had been ap- 
plied. The diatom was well shown, the 
lines being very well defined. Mr. Bra- 
man showed the Protococcus nivaliSy or 
" red snow." Mr. Van Brunt stated that 
he had found an alga in snow at Pough- 
keepsie, N. Y., which seemed identical 
with the red snow. He mounted some of 
the cells, but they had all turned green. 
A number of other objects were shown. 

At a meeting held May 6th, the subject 
of photomicrography was discussed, and 
a negative was prepared at the meeting. 

Dr. Younghusband recently delivered 
a lecture on the subject of Biology before 
the Chautauqua Circle, of Detroit. At 
the close of the lecture, a number of 
objects were shown under the micro- 
scope, illustrating points brought out in 
the discourse. Among the many ob- 
jects shown were the circulation of the 
blood in a frog's foot, exhibited by Elmer 
Willyoung ; the growth of the yeast plant, 
by Preston Hickey ; the circulation of the 
blood in the tail of a fish, by Wm. Young- 
husband, Mr. Reynolds showed the eels 
in sour paste, and many other interesting 
slides. Among the other objects, and the 
ones that probably attracted the most at- 
tention, were the circulation of the proto- 
plasm in chara, exhibited by Mr. Duncan, 
and the amoeba, by Mr. Lapham. 
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Glass Cells. 



BY C. HENRY KAIN. 



Much has been said and written 
within the past year or two in regard 
to the proper material for cells, but in 
all the discussion I have noticed that 
very little mention is made of glass 
cells. For many purposes, especially 
for balsam or liquid mounts, they are 
preferable to all others, but their 
cost prevents their general use — a 
dollar a dozen being the usual price. 
I think if microscopists in general 
bew how easily they can be punched 
irom glass covers, they would come 
^^to almost universal favor for shal- 
low mounts. Their cost is trifling, as 
the cheaper grades of covers can be 
^^d, also those which would other- 
insc be thrown aside on account of 
some flaw or impurity in the centre. 
The following is the method of 
preparation : Take a brass plate, say 
five inches long, one inch wide, and a 
quarter of an inch thick. Have a 
number of holes drilled (not punched) 
m it about an inch apart, and of vari- 
ous diameters corresponding to the 
diameters of the desired cells. See 
that in drilling these holes the shoul- 
ders ate left perfectly square and 
sharp, but not burred. This is im- 
portant, as the question of success or 
failure largely depends upon it. The 
plate having been thus prepared, heat 
It until it is sufficiently hot to melt a 
piece of sheet-wax placed upon it. 
Then place over each hole a disk of 
sheet-wax somewhat larger than the 
jjole, and drop upon it a glass cover. 
The cover should be from ^ of an 
inch to J^ of an inch larger in di- 
ameter than the hole. Press the 



cover down so as to bring it in close 
contact with the metal plate, then set 
the plates away to cool. When per- 
fectly cold take an ordinary sixpenny 
or eightpenny nail, boldly thrust it 
through the glass cover from the up- 
per side, and rasp it round and round, 
always with a downward motion, un- 
til the cell appears perfectly circular. 
When all the covers upon the plate 
have been thus treated, reheat the 
plate so as to loosen the cells, throw 
them into benzine to dissolve the 
wax, let them remain a few minutes, 
then wipe them and put them away 
for use. 

The method given is simple, but 
when describing it I have some- 
times been met with an incredulous 
smile, as the idea of punching holes 
in glass with an ordinary eightpenny 
nail seems so ridiculous. Neverthe- 
less it is a successful method ; and, 
furthermore, if the directions given 
are carefully followed, not one cover 
in twenty need be spoiled in the 
process. Try it. 

[We have received some of the 
cells made by Prof. Kain by the 
method described above, but they 
were broken in the mail. Judging 
from the fragments, they were per* 
fectly good cells for any and all pur- 
poses. If we are not mistaken. Dr. 
L. Beale describes a method quite 
similar, somewhere in his book on 
the microscope. — Ed.] 



Botifer Nests. 

Exploring ponds in the low grounds 
along Paxton creek, flowing through 
the eastern suburbs of the City of 
Harrisburgh, Pa., April 15 th last, I 
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was interested to find, besides a 
variety of species of Spirogyra^ as 
decimina^ fusco-atray and Hantzschii^ 
all in good fruiting condition, masses 
of Vaucheria geminata. On the fila- 
ments of this plant, nests of rotifers 
are of frequent occurrence. They 
appear as urn-shaped excrescences, 
cylindrical cells, outgrowths 
of the plant, somewhat swol- 
len below the middle, con- 
tracted at the base, and dis- 
tended at the truncate apex. 
Some are at the ends of the 
branchlets, eight to ten times 
the diameter of the branch, 
others grow out of the sides 
of the larger filaments ; they 
measure 200 mm. to 350 mm. 
in diameter, about three times 
the thickness of the plant. In 
many of them the animals are 
seen, usually in motion in the 
lower part of the cells ; all 
the cells contain many dull, 
rose-colored eggs. The cells 
are abnormal to the plant, 
and are probably produced 
by a sting or other irritation. 
Nest of this kind are unusual 
in my observations. I have 
seen the creature carrying its j^. 
eggs : have found rotifer eggs 
in vaucheria plants and know 
them to have occurred in 
the leaves oiSpJiagnum (bog- 
moss), but have not known 
their power to produce such 
uniform outgrowths for nests. 

F. WOLLE. 



Genus Cupelopagis^ gen. nov. 
Footless, eyeless, without carapace, 
and totally destitute of cilia or other 
vibratile structures, or locomotor or- 
gans of any kind. The trochal disk 
has the form of a large, oblique cup, 
which can be either retracted wholly, 
or pushed up by a constriction of its 



A Remarkable New 
Rotifer. 



BY S. A. FORBES. 




C4.- 



In a neglected aquarium 
in the Natural History Laboratory at 
Normal, III, the glass became covered 
with a coating of algae, among which 
swarmed stentors and several species 
of rotifers. The largest and most 
abundant of the latter is of a charac- 
ter so peculiar and remarkable as 
to merit description. 



Fig. fSt.—Cu^elopa^s hucinedax^ lateral view X 865. Drawn 
with camera lucida. 

ay cup ; by oesophagus ; c, crop ; d^ mastax ; ^, stomach : /, 
vent ; gy embryos ; A, problematical, black, or dark-brown boaies, 
irregular in form and position, situated in the perivisceral cavity. 



I 



wide mouth. In the bottom of this 
cup is the oral aperture, which opens 
into a very large, loose crop, at the 
bottom of which, and usually behind 
the middle of the body, is the mas- 
tax. The jaws, which project into the 

* KmeXXou and Ttayrc:. 
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crop, are composed of two sharp, 
slender hooks, with about four slen- 
der, straight teeth at the inner base. 

The stomach is large, and the in- 
testine very small and short, opening 
on the ventral surface of the body 
near the posterior end. 

C. buctnedaxy sp, nov. The body is a 
coriaceous, flattened sac, minutely 
roughened over the whole surface, 
nearly as broad as long, and about 
three-fourths as thick. The dorsal out- 
line is longest and strongly convex, 
the ventral being usually somewhat 
concave. The cup is oblique, the 
ventral height being little more than 
iialf the dorsal. Its lower wall usually 
presents a shallow, longitudinal con- 
cavity, so that the aperture is slightly 
kidney-shaped. The surface of the 
cup is more delicately roughened than 
the body, and its edge is minutely 
erase. 

In an average specimen the length 
of the body, without the cup, was 
oi6-in., and its width 0.014-in. 

This rotifer has no means of at- 
Wug its prey or bringing it within 

reach, but depends wholly on such 
finals as chance to swim into its 
o'^ai cup. When a stentor or other 
aflimalcule of considerable size enters 
fhe trap, the rotifer quickly puckers 
•Jp the aperture and contracts the 
^alls of the cup upon it, until it is 
forced, with a sudden slip, into the 
^fflple cavity of the pharynx. This 
apparatus enables it to secure much 
larger prey than the usual ciliated 
structure ; but, in the absence of lo- 
comotor organs, it can only live in 
^ater swarming with suitable food. 
In the aquarium mentioned it was 
living almost wholly on the large 
stentors. 



Seasurement of the Power of 
Oculars. 

. Mr. W. H. Bulloch has devised a 
simple apparatus for measuring the 
P^agnifying power of oculars, which 
IS illustrated in fig. t^t^. It consists of 
111 ordinary microscope with an ob- 




00 
CO 

d 




104 



THE AMEKICAN MONTHLY 



[June, 



jective of two inches equivalent focus, 
which, in practice, is the most satis* 
factory power for the purpose. This 
microscope is used to examine an 
image of a diaphragm, formed by the 
ocular to be measured. The exact 
size of the diaphragm and its dis- 
tance from the ocular being known, 
the size of the miniature image 
formed by the ocular can be readily 
measured, and a simple calculation 
then gives the magnifying power. 

In the figure, AB represents the 
examining microscope ; C is a sta- 
tionary stage having a micrometer 
ruled in lines o.i mm. apart. The 
tube with draw-tube, GD, carries the 
ocular to be tested at G, and the dia- 
phragm of known size at Z>. The 
shape of the diaphragm-opening is 
shown at ZT,-^. By means of the draw- 
tube the distance GD can be changed, 
but it is usually made ten inches from 
the diaphragm of the ocular to the 
end of the tube. The width of the 
aperture at D, in the instrument used 
by Mr. Bulloch, is 6.5 mm. Directing 
the instrument toward the light, an 
image of the aperture will be formed 
by the ocular, and can be focussed 
upon the micrometer at C Then 
the size of the image can be read off 
in the microscope, and the difference 
between the size of the image and 
the actual size of the diaphragm in- 
dicates the power of the ocular. Sup- 
pose the image just covers eleven 
divisions on the micrometer, the dis- 
tance being ten inches as above, then 
65 divided by 11 is about 6, which is 
the magnifying power in diameters. 

A Bausch & Lomb periscopic ocu- 

ler " C," measured in this way gave a 

power of II diameters ; a Tolles }4- 

inch solid, 16 }4, and a Gundlach ^- 

inch, 43. 

o 

Follen-tnbes. 

About half a century ago, Amici 
observed that the pollen-grains pro- 
duced tubular appendices by the ab- 
sorption of moisture on the stigma, 
and came to the conclusion that 



these tubes descended from the 
stigma through the style to the pla- 
centa. Several other writers after 
him made the same observation, and 
further, brought the pollen-tubes in 
connection with the process of ferti- 
lization of the ovules. 

M. Brogniart was of the opinion 
that the pollen-tubes, after a shorter 
or longer penetration into the stig- 
matic tissues, expand on the accu- 
mulation in them of the contents of 
the pollen-grains, that the membrane 
of the tubes bursts, and the fovilla is 
thus scattered amongst the papillae 
of the stigma. 

M. Tulasne stated, in 1849, that he 
had seen the end of the pollen-tube 
come in contact with the membranes 
of the embryo-sac, without producing 
there a depression or a strong adhe- 
sion. 

The theory of the fertilization of 
the ovules by means of the tubular 
appendices of the pollen-grains des- 
cending through the style to the 
ovarian cavity, and thence seeking 
their way to the foramen of the 
ovules, is now universally adopted by 
authors, and, as it appears, mostly 
without personal examination or 
observation ; some of them at- 
tempt to explain the manner in 
which the pollen-tubes overcome the 
difficulties they find in their way to- 
wards the foramen. Lindley, in 
speaking of the fructification of the 
orthotropous ovules of the rockrose, 
states, on the authority of M. Bro- 
gniart, that the pollen-tube does not 
follow the placenta till it reaches the 
ovule, but quits the style at the top 
of the cavity of each cell, and thence 
lengthens in the open space inside 
the ovary till it reaches the foramen 
in the end of the ovules. Mr. Det- 
mar has published more recently also 
a paper on the " Course of the Pollen- 
tubes," a synopsis of which was pub- 
lished in the April number of 1881 
of the Journal of the Royal Micro- 
scopical Society^ of London. I fol- 
lowed his description, having prepa- 
rations of the ovaries of most of the 
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plants he describes in my cabinet ; 
his descriptions are correct, but I 
failed to detect any pollen-tubes on 
their way to the foramen. 

I am at a loss to account for my 
inability, after having dissected hun- 
dreds of ovaries in various stages of 
development, to observe in a single 
instance the entrance of a pollen- 
tube into the micropyle ; for some 
time I attributed it to a want of skill 
in preparing my sections, but since I 
have had an opportunity to compare 
my preparations with some which, it 
is said, Hofmeister used as a basis 
for his descriptions, I came to the 
conclusion that this was not the 
cause : it must be sought for some- 
where else. At all events, it seems that 
the entrance of the pollen-tube into 
the foramen has been only observed 
in a few plants. Schacht, in his 
works, mentions : Canna^ Vt'scum, 
Najasy Passifloray and some gerania- 
ces. I have examined these plants. 
In most of them the tubular appen- 
ds of the pollen-grains on the 
stigma are easily observable, but 
very soon they appear to discharge 
their contents in the conducting tis- 
sues of the style, and lose their ex- 
istence as tubes. 

My observations on cactaceae led 
me to believe that here I might meet 
vith success, but I was disappointed 
again. I made a phyllocactus, com- 
monly called "crab cactus," the sub- 
ject of particular study, and as a re- 
sult of my observations, I venture the 
following statement : 

The pollen-tubes insinuate them- 
selves amongst the papillae of the 
stigma wh^re, on bursting, the fovilla 
is taken up by the conducting tissue 
of the style. This tissue is composed 
of very fine fibrillae, full of granular 
niatter, whilst the process of fertiliz- 
ation is going on. At the base of 
^^e style, it spreads itself out over 
the walls of the ovary ; it accom- 
panies the vascular bundles in the 
funiculii from the placenta, up to 
their juncture with the ovules. The 
tuft of papillae surrounding the mi- 



cropyle of the anatropous ovule 
meets near the placenta the tuft of 
the conducting tissue of the funicu- 
lus, where the papillae of the former 
absorbs, by endosmosis, the granular 
contents of the latter, and in this way 
I conceive that fertilization takes 
place. 

In the closed flower-bud of the 
same species of cactus, the stigma, as 
a matter of course, is yet free from 
pollen-grains and their appendices, 
but the conducting tissue is present 
in the style ; it contains already a 
number of granules, different how- 
ever from the granular matter present 
in the conducting tissue during the 
process of fertilization. 

The observations on " crab cactus " 
furnished me the data for a new 
theory of fertilization, and Cereus 
grandiflora (night-blooming cereus) 
furnishes data to arithmetically de- 
monstrate the impossibility of fertili- 
zation of the vegetable ovules tak- 
ing place, in the cactaceae at least, 
according to the old one. 

The specimen under investigation, 
gave the following data : — 

Length of style, 9 inches (a hollow 
tube -^-inch in diameter). 

Ovarian cavity, a cylinder ^^inch 
in diameter, and over one inch 
in height. 

I made about forty transverse sec- 
tions of the ovary, sufficiently thin to 
count ICO to the inch. Each section 
contained about thirty ovules, of which 
the greater number, however, floated 
off the knife, the funicules having 
been cut ; the number of ovules in 
the ovary, would thus amount to at 
least 3,000. 

The style, in transverse sections, 
shows a ring of eighteen vascular bun- 
dles corresponding to the eighteen di- 
visions of the stigma. Inside this ring 
is contained the conducting tissue, 
forming a hollow tube, the nature and 
compactness of which precludes the 
possibility of giving passage to 3,000 
pollen-tubes. In the ovarian cavity 
there is also no room for 3,000 pollen- 
tubes, after they should have descend- 
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ed to the ovary, to grope about in 
search of the micropyle of the ovules ; 
at all events, as thus only few of the 
tubes could come in contact with the 
micropyle, the chance would be that 
the greater number would remain 
unfertilized. Nature leaves nothing 
to chance; it has provided simple 
and certain means for the fertilization 
of all the ovules in the ovary. The 
anatropous ovules are fertilized by 
their inversion on the funicules, 
bringing the papillae of the micropyle 
in contact with the papillae of the 
former. Campylotropous and amphi- 
tropous ovules come often in contact 
with the funiculus or with the papillae 
of the walls or septa of the ovary, ac- 
cording to the length of the funiculus. 
The orthotropous ovules are fertilized 
in the same manner. 

The orthotropous ovules of the 
coniferae, are fertilized by the pollen 
falling directly on them, which is an 
old observed fact. 

Not having had the advantage of 
personal instruction by professors of 
the science to which I am devoted 
merely as an amateur, it occurred 
to me, some time ago, that per- 
haps the fine fibrillae of the conduct- 
ing tissue in the style might be the 
pollen-tubes of the authors. I applied 
for information at headquarters, but 
I have not been favored with a reply; 
I should be glad to receive the de- 
sired information from anyone who 
may be able to give it. 

J. Kruttschnitt. 



Abstract of the Address of the 
President of the Royal Micro- 
scopical Society^ London. 

PROF. P. MARTIN DUNCAN, M. B., LOND., 
F. R. S., EXC 

* 4Kr * « « « « 

When we consider, moreover, the 
large number of observations record- 
ed the past year by the various Socie- 
ties, which receive communications 
principally worked out by means of 
the microscope, it cannot fail to be 



recognized that the activity and pro- 
gress of microscopy are greater now 
that at any former time, and that the 
tendency is to still further increase. 
The most valuable part of our bi- 
monthly Journal, is the summary 
which it contains of this stupendous 
amount of o riginal work. The micro- 
scope is, moreover, being carried into 
new fields. It now promises to be 
of great assistance to the chemist, 
and while but a few years ago no one 
thought of including it among the 
essential tools of the geologist, it is 
extensively applied at the present 
time to the examination of rocks, and 
most valuable results have been 
brought to light by its aid. Instead 
then of allowing ourselves to be tempt- 
ed to bemoan the "stagnation of 
microscopy " we, as a Society devoted 
to its study, . may congratulate our- 
selves and the rest of the scientific 
world, that whether as regards theory 
or practice — the optical and mechani- 
cal or the observational part of our 
science — there has never been a time 
when so much evidence could be 

produced of solid progress as now. 
* ¥f * * * * * 

The Abbe Theory of Micro- 
scopical Vision. — Although those 
views are now several years old, and 
were brought before the Society so 
long ago as 1877, by our then Treas- 
urer, Mr. J. W. Stephenson, the re- 
cognition of the extraordinary nature 
of the experiments, was, until lately, 
confined to a very small circle. Both 
in this country and in Germany and 
America, however, the past year has 
seen a great extension in the number 
of those who have followed these ex- 
periments, and who have appreciated 
the important bearing which they 
have on microscopical vision. 

I have used the term " extraordi- 
nary," because I think that every one 
who has seen these experiments will 
readily agree that it is extraordinary, 
in every sense of the word, to find, 
that merely by excluding a greater or 
less number of the "diffraction" 
images found at the back of the ob- 
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jective, a great variety of entirely 
different appearances are presented 
by one and the same object — lines at 
a known distance apart, doubled and 
quadnipled, — or that objects in real- 
ity quite unlike can be made to seem 
identical — ^multi-sided figures giving 
images of squares. In short, the 
same objects may appear to be dififer- 
ent in structure, and different objects 
may seem to be identical entirely ac- 
cording as their diffraction images 
are made dissimilar or similar by 
artificial appliances between the ob- 
jective and eye-piece. The appear- 
ance of particular structure can even 
be predicted by the mathematician, 
before it has been actually seen by 

the microscopist. 

» * • * « * « 

Our veteran microscopist. Dr. Car- 
penter, C. B., has embodied, in the 
edition of his widely known work 
published during 1881, a statement of 
the leading points of the diffraction 
theory, which is valuable as containing 
the results of his own matured views 
o^lhe subject. He says (p. 187), 
"This doctrine, originally based on 
elaborate theoretical investigations 
in connection with the undulatory 
'theory of light, has been so fully 
borne out by experimental inquiries 
instituted to test it, and is in such 
^ complete harmony with the most 
^ certain experiences of microscopists, 
that its truth scarcely admits of a 
"doubt." 

There are one or two points that 
require to be kept prominently in 
niind in regard to the diffraction 
phenomena in question ; ist, that 
they are not to be confounded with 
the so-called " diffraction band " ob- 
served round the outlines of objects 
illuminated by oblique light, nor with 
the ** diffraction rings " displayed by 
brilliantly illuminated globules ; 2d, 
that they are not confined to trans- 
parent objects illuminated by trans- 
jnitted light, but are also produced 
Dy opaque objects ; and 3d, that they 
are not limited to lined or regular 
Q^ects, but extend also to irregular 



structures, or isolated elements of any 
shape ; in fact, universally to struc- 
tures of all kinds, whenever the uni- 
form propagation of the luminous 
waves is disturbed by the interposi- 
tion either of opaque or semi-opaque 
elements, or of transparent elements 
of unequal refraction, which give rise 
to unequal retardations of the w^aves. 
Thev therefore apply not merely to 
the resolving power " of objectives, 
but to their general delineating power 
— the power of the Microscope to 
show things " as they are." 

The third point is, I need hardly 
say, most important, and one which 
it will be very interesting to have 
more fully elucidated, having regard 
to Professor Abbe's statement that 
objects (such as the flagella of bac- 
teria) which are only a fraction of a 
wave-length in diameter, will necessa- 
rily appear to us, not in their proper 
proportions, but with greatly in- 
creased diameters, and that very 
minute striations must appear as if 
the dark and bright interspaces were 
nearly of equal breadth, although in 
reality not so. 

There are obviously many histolo- 
gical problems, such as the question 
of the structure of muscle, which a 
proper knowledge of this part of the 

subject may greatly help to elucidate. 
* * * « * * * 

The Aperture of Objectives. — 
The essential difference between the 
old and the new view of aperture is 
simply, that the former considered 
only the rays which enter the objective, 
while the latter deals with those which 
emerge from it. 

An estimation of the emergent 
beam, however, must obviously give 
the same result as one of the inci- 
dent beam (assuming them both to 
be correctly made), it being of course 
impossible for anything to emerge 
that has not first been admitted. But 
to quote Mr. Crisp : — " The great and 
obvious advantage in dealing with the 
emergent pencil is that it is always in 
air, and so the perplexities are 
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eliminated which have enveloped the 
consideration of the admitted pencil, 
which may be in air, water, oil, or 
other substances of various refractive 
indices." 

The subject of aperture is not, in 
reality, a difficult one, and any intri- 
cacy in which it may seem to be in- 
volved will be found to arise from the 
necessity of clearing away some 
of the old entanglements, such as the 
curious mistake involved in the ^'hemi- 
sphere puzzle " and similar matters. 
Looked at de rwvoy there are two sim- 
ple stages in the aperture question. 

(i) To appreciate that, in using the 
term " aperture," we use it not in any 
artificial sense, but as meaning open- 
ing and nothing else, — defining, sim- 
ply, the capacity of an objective for 
receiving rays from the object and 
transmitting them to the image. 

(2) That the aperture (as so defin- 
ed) of an objective is determined by 
the ratio between the diameter of the 
emergent beam and the focal length 
of the objective. According as this 
ratio is greater or less, so the object- 
ive will receive and transmit a larger 
or smaller portion of the total quanti- 
ty of rays presented to it. 

The emergent beam of an air-ob- 
jective of 180*' angle cannot exceed 
in diameter twice the focal length ; 
that of a similar water-immersion ob- 
jective may be one-third larger, and 
of an oil-immersion half as large 
again, and the relative capacities of 
such objectives (with equal angles) to 
receive and transmit rays will always 
be as I, i^ and i>^. 

It cannot be too carefully borne in 
mind that it is not a question of this 
or that theory, but the ordinary laws 
of geometrical optics which determine 
that, all other things being equal, one 
objective will receive and transmit a 
greater quantity of light than another, 
and therefore has the larger or small- 
er aperture, according as the diame- 
ter of the beam emerging from it is 
greater or smaller. 

As Fellows of this Society we may, 
I think, be proud of the able commu- 



nications relating to this subject, 
which were published in the April and 
June numbers of the journal. 

Numerical Aperture. — The 
abandonment of the angular notation 
for aperture necessarily follows, as 
soon as the correct view of aperture 
is appreciated ; for when we know 
that the apertures of three objectives 
are, for instance, as 98, 126, and 138, 
no one would insist that they should 
be designated 157**, 142*^, and 130*^. 
A notation can have no title to be 
considered a scientific one, which 
denotes things as the same when they 
are really different (60® in air and 
oil) or different when they are the 
same (180^ in air and 82^ in oil). 

Until, however, the " law of apla- 
natic convergence " had been demon- 
strated by Professor Abbe, no prin- 
ciple had been established by which 
the ratio between emergent beam and 
focal length, could be conveniently 
denoted. 

It would not be possible for me to 
condense, without a sacrifice of intel- 
ligibility, the steps by which he sub- 
sequently showed, in a very beautiful 
manner, that the ratio in question 
can be expressed by the product of 
the refractive index of the medium 
in front of the objective, and the sine 
of half the angle of aperture, that is, 
by n sin. u. 

Taking for our unit the capacity of 
an objective for collecting the whole 
hemisphere of rays from an object in 
air (/. e, the case of a dry objective 
of 180® angle) we obtain the " numeri- 
cal" notation, which, commencing 
with the lowest numbers advances as 
far as 1.52 with oil-immersion ob- 
jectives, and by the use of which not 
only are apertures compai'ed in the 
same medium, but in different media 
also, and we see whether they are 
smaller or larger than the maximum 
of a dry objective. 

It is gratifying to find that reproach 
hitherto attachmg to microscopists 
for the use of a misleading notation, 
is, thanks to the efforts of this Socie- 
ty, being rapidly removed, and that 
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the iaitials N. A. are no longer so 
mystic a symbol as they have been. 
I understand that many of the opti- 
cians have decided to use the numeri- 
cal notation in the future issues of 
their catalogues, which is a step in 
the right direction, which we shall 
hope to see generally followed. 

Whilst on this subject I may point 
out how important it is that in ob- 
servations with high-power objectives, 
their aperture as well as magnifying 
power should be stated. Whether a 
large or a small aperture has been 
used, may make a very material dififer- 
ence in the value to be attached to 
the results described. 

The " Homogeneous Immersion '* 
Principle. — The utility of homo- 
geneous-immersion objectives being 
established beyond doubt by practical 
experience, it is interesting to note 
that the origin of the principle is 
?ery fully recognized by Professor 
Abbe to be due to our esteemed Fel- 
low, Mr. J. W. Stephenson. 
The two essential points in homo- 
geneous-immersion are, ist, the in- 
crease in aperture obtained by the 
use of a fluid of high refractive index, 
and 2d, the enhanced optical per- 
fonnance arising from the total 
suppression of spherical aberration 
in front of the objective. Professor 
Abbe states that although Amici first 
applied oil-immersion, he failed to 
recognize the specific advantage of 
an immersion fluid being as near as 
possible in refractive and dispersive 
powers to the crown glass (i. e. "homo- 
geneous"). He finished his lenses 
and then sought for oils and mixtures 
of oils of various refractive pov/ers 
for obtaining the best correction. 
" It was Mr. Stephenson who, in his 
first communications with me, ex- 
pressed the opinion that doing away 
with the anterior aberration would 
improve the defining power, and 
especially would afford very favora- 
ble conditions for further increase of 
aperture." 

The importance of this system will 
he appreciated when we remember, 



in regard to the first point (the in- 
crease of aperture), that the theoreti- 
cal resolving power of an objective is 
thereby raised from 96,400 lines to 
an inch, which is the maximum of a 
dry objective, to 146,528 the maxi- 
mum of an oil -immersion objective, 
the illuminating power being also in- 
creased from I to 2.25 : while as 
regards the second point, we are 
able, by the homogeneous-immersion 
method, to reduce the problem of 
correcting a very wide-angled objec- 
tive to the much less difficult one of 
correcting an objective of moderate 
air-angle. Our lamented President, 
the Rev. J. B. Reade, declared in 
1870 that "the ghost of aberration 
will never be entirely exorcised even 
by cold water." But there appears 
to be good ground for believing that 
oil has practically accomplished that 
object. 

Lastly must be noted an important 
advance in practical manufacture by 
the construction, by Messrs. Powell 
and Lealand, of a homogeneous-im- 
mersion objective of the large aperture 
of 1.47 N. A. out of a possible 1.52. 
As long ago as 1850, one of my pre- 
decessors in this chair, expressed the 
belief that objectives had then 
"nearly, if not quite, attained the 
limit of perfection," and whilst it 
will be prudent even at this much 
later date to avoid any assertion of 
finality in the present, or scepticism 
as to the possibilities of the future, it 
must be admitted that, so far as re- 
gards aperture and resolving power, 
we have arrived at a point beyond 
which it will, to all appearances, be 
difficult to advance, at any rate not 
without serious restrictions in the use 
of the objectives. Whilst it might be 
possible to work front lenses for ob- 
jectives out of diamond, and so to 
increase the aperture to 2.5 N. A., 
and the resolving power to 241,000 
lines to the inch, it must be remem- 
bered that it would be essential at 
the same time to provide an immer- 
sion fluid, slides, cover-glasses, and 
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illuminators of the same refractive 
index as diamond also. 

Penetrating Power of Objec- 
tives — Depth of Vision. — This 
again is a subject which has long 
been obscure ; very various opinions 
being held as to the true nature of 
what has been generally termed the 
" penetrating power " of an objective. 
By spme it has been declared to be a 
defect in the construction of the objec- 
tive — residual, uncorrected, spherical 
aberration in fact ; and by others as 
necessarily inconsistent with perfect 
definition, even with the best methods 
of construction ; the only approxi- 
mately correct notion regarding it, 
being that it decreased as the angle 
of aperture increased. 

Professor Abbe, however, in a very 
valuable paper, placed the question 
on the scientific basis so long needed 
showing that the total depth of vision 
in the microscope, /. e. the solid 
space which at one focus of the mi- 
croscope is visible with sufficient dis- 
tinctness, depends not merely on the 
depth of focus of the objective, but 
is the sum of that and the depth of 
accommodation by the eye. 

The depth of focus (other condi- 
tions remaining the same) varies in 
inverse ratio to the magnifying power, 
and also to the numerical aperture of 
the objective. Thus with a J^-inch 
and >^-inch of the same aperture the 
depth of focus of the former would 
be twice that of the latter, or if the 
powers are the same but the aper- 
tures are .50 N. A. and 1.50 N. A., it 
would be as 2 to .66. 

The depth of accommodation de- 
pends upon a point which was entirely 
new to microscopists until developed 
by Professor Abbe, viz,^ the peculiar 
property of microscopical amplifica- 
tion, by virtue of which the linear 
amplification of the depth of an ob- 
ject is largely exaggerated, being 
equal to the square of the linear 
amplification laterally. Thus an ob- 
ject magnified, according to ordinary 
parlance, 100 linear diameters (/. e, in 
breath) is magnified 10,000 linear 



diameters in depth. Now the depth 
of accommodation varies in inverse 
ratio to this depth-amplification, that 
is, inversely to the square of the 
magnifying power, so that whilst 
large with the low powers, it decreases 
very rapidly and disproportionately 
as the power is increased. 

The joint effect, therefore, of the 
diminution in the depth of focus and 
depth of accommodation is that the 
total depth of microscopical vision 
diminishes, not in the same ratio as 
the increase in the magnifying power, 
but at first in a much greater ratio. 
With the low power we have con- 
siderable depth of vision, as it is then 
chiefly influenced by the large accom- 
modation-depth. As we proceed to 
the medium powers (100-300) the 
accommodation-depth very rapidly 
diminishes, and becomes equal to 
that of the small depth of focus, so 
that the total depth of vision is neces- 
sarily small also. As the power is 
further increased, the accommoda- 
tion-depth ceases to have any influ- 
ence, and the depth of vision becomes 
principally depth of focus only. If, 
for instance, an amplification of 30 
times is increased to 300, the depth 
is reduced not to -j^ but to only -jV 0^ 
its original amount ; or, taking the 
depth of vision with a power of 10 
times to be 2mm., with powers of 30, 
100, 300, 1000, and 3000, it is only 
.254, .0273, -0047, .00094, and .00026 
mm. 

The formula 

Depth of vision = « ^— , A -f -j^^j 

shows at once how much the depth 
of vision may vary by a change in the 
conditions — represented by the vari- 
ous factors in the formula — which 
make up the total effect, important 
among which, as will be seen from 
the form of the equation, is the re- 
fractive index, «, of the medium in 
which the object is mounted. 

MiCRO-STEREOSCOPIC ViSION. — 

The determination of the depth of 
vision (in monocular observation) 
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naturally throws great light also on 
the conditions for effective-micro- 
stereoscopic vision. It is obviously 
only when an object can be complete- 
ly seen in all three dimensions at one 
adjustment of the focus, that a true 
stereoscopic image of it can be ob- 
tained. So long as only a single layer 
of inappreciable depth is visible simul- 
taneously with any distinctness, no 
stereoscopic apparatus, however per- 
fect, can bring into view the form of 
the whole of the object. 

Now, with low powers we have large 
visual depth, so that objects of con- 
siderable thickness can be seen as 
solids. By reason, however, of the 
rapid decrease of the depth of vision 
to which I have referred, the thick- 
ness of the objects which can be seen 
in relief, rapidly and disproportion- 
ately decreases as the power is in- 
creased, so that only very thin ob- 
jects are suitable with even the 
medium powers, the absolute depth, 
iti the case of an object magnified 300 
times, not amounting to a hundredth 
0^ a millimetre. With still higher 
powers the images of solid objects 
(tiough the decrease in depth is no 
%er so irregular) necessarily ap- 
proach more and more to simple 
plane sections, the absolute depth 
J^'ith a power of 1,000 times amount- 
ing only to a micromilli metre. For 
niedium and high powers, therefore, 
the only objects suitable for the 
stereoscopic binocular, are those 
which present, within a small depth, a 
sufficiently characteristic structure, 
that is which have sufficient salient 
points for stereoscopic effect. We 
cari, however, increase the depth of 
vision by using narrow illuminating 
pencils, and by mounting the objects 
jn some highly refractive substance. 
The above considerations also show 
the importance of using the lowest 
power sufficient to recognize the 
object. 

. Whilst the reduction in depth lim- 
p^ effective stereoscopic observation, 
Y^fessor Abbe, properly points out 
^hat there is a compensating advan- 



tage in ordinary microscopic observa- 
tion, in that as the depth -perspective 
becomes more flattened the images 
of different planes stand out from 
each other with still greater distinct- 
ness, so that ** with an increase of 
amplification the microscope acquires 
more and more the property of an 
optical microtome, which presents to 
the observer's eye sections of the ob- 
ject, of a fineness and sharpness that 
no instrument could produce by me- 
chanical means." 

Another novel point was the de- 
monstration of the very material dis- 
tinction between ordinary stereosco- 
pic vision and that with the micro- 
scope. The perspective shortening 
of the lines and surfaces by oblique 
projection, which is an important 
element of solid vision with the 
naked eye, is wholly wanting in mi- 
croscopical vision, in which we have 
only the other element, a relative dis- 
placement of successive layers in the 
image. That these displacements 
are seen in the microscope, depends 
entirely on the peculiar exaggeration^ 
in the amplification of the depth of 
an object which is not found in ordi- 
nary vision. 

The paper " On the Conditions of 
Orthoscopic and Pseudoscopic Effects 
in the Binocular Microscope" is also 
a most useful contribution to the 
theory of micro-stereoscopic vision, 
establishing, as it does, the true criteria 
for both classes of effects, and at the 
same time clearing up a misconcep- 
tion that had arisen as to the sup- 
posed necessity for the rays from the 
two halves of the objective crossing 
in order to get proper orthoscopic ef- 
fect. If the delineating pencils have 
been reflected an even number of 
times in the same plane, the rays 
must cross, but otherwise not. 
{To be continued^ 
o 

The Preparation of Diatoms. 

BY R. S. WARREN, M. D. 

Directions for the preparation of 
diatoms are rather meagre in books. 
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Those given by Pritcharcl ; Dr. A. 
Mead Edwards in his work on the 
" Natural History of the Diatoma- 
ceae ;*' Dr. Christopher Johnson, of 
Baltimore, in the Lens^ Oct, 1872, 
and others, are good as far as they 
go. Cleaning is effectually accom- 
plished by their processes, but their 
directions for the separation of the 
diatoms from the sand and broken 
diatoms are insufficient. 

The process of preparing diatoms 
is simple, but requires great care, 
time, and patience. When the gather- 
ing is pure, as in filaments, or on al- 
gae, the process is easy ; but when 
the gathering is in the mud of rivers, 
lakes, and ponds, or in the mud of 
marshes and harbors, in which there 
is more or less organic matter, and in 
lacustrine (sub-peat), sedimentary, 
sub-plutonic and fossil deposits, it is 
generally toilsome, tedious, and often 
difficult. 

The chemicals used are carbonate 
of soda, liquor potassa,- muriatic, nitric 
and sulphuric acids, bichromate of 
potash, chlorate of potash, and water 
of ammonia. The apparatus consists 
of glass beakers of various sizes, bot- 
tles, small and large, mostly wide- 
mouth, evaporating dishes, rubber 
tubing for syphons of one-eighth inch 
to one-quarter inch calibre, glass rods, 
or thick narrow strips of glass for 
stirring, glass slides, glass dipping 
tubes, filter-paper, funnels, and a 
chemist's retort-stand. 

I have found the best commercial 
acids sufficiently good ; if either 
need be chemically pure it should be 
the sulphuric. All the water used in 
the preparation of diatoms should be 
distilled or filtered, that there be no 
admixture of diatoms foreign to any 
material. For the same reason, the 
beakers, bottles and dipping tubes 
should be thoroughly cleansed after 
use, as diatoms will adhere to them 
unless great care is taken. I filter 
water through two thicknesses of 
druggists* filter paper, a piece of thin 
muslin bfeing placed between them at 
the point of the filter to prevent easy 



rupture at that spot. Another desira- 
ble effect of filtering the water used, 
is that it is thus rid of much organic 
and other matter, and is made to 
practically answer the purposes of 
distilled water ; besides, the latter is 
not easily obtained in large quanti- 
ties, and is expensive. In this article, 
when water is mentioned, filtered 
water is to be understood. 

The process of preparing diatoms 
varies somewhat according as the 
material may be mud, lacustrine, 
sedimentary, sub-plutonic, or fossil 
deposits. 1 will first describe the 
treatment of fresh, mud material, and 
will here say that many of my mani- 
pulations are derived from directions 
given by the authors above men- 
tioned, but some are peculiarly my 
own. 

Having a quantity of mud material, 
if in no haste I put it into a wide- 
mouth bottle, and wash it repeatedly, 
allowing sufficient time for the ma- 
terial to settle after each washing, 
until it finally settles, leaving the water 
nearly or quite clear. The time re- 
quired for the material to settle de- 
pends upon the forms in it, the quan- 
tity, and the size of the bottle. This is 
ascertained by examining some of the 
unsettled portion taken from just 
above the deposit with a dipping 
tube. A few drops of this evaporated 
on a slide and examined under a mi- 
croscope will tell whether it contains 
anything more than organic matter. 
In this way can be ascertained the 
time required for the material to set- 
tle before draining off the water. 
The draining is done with the rubber 
tube used as a syphon. Having 
thoroughly washed the material, it is 
boiled for a short time in a solution 
of carbonate of soda (washing soda), 
about an ounce to the pint of water, 
in a glass beaker, then washed as be- 
fore, till all the alkaline odor and 
taste have disappeared. This boiling 
in a solution of carbonate of soda de- 
stroys considerable of the organic 
matter, and in a measure cleans the 
diatoms. I have sometimes used, very 
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carefallj, with good e£fect» weak liquor 
potassa instead of carbonate of soda. 
The material is then ready for the 
acids. If in haste, I at once boil the 
material in a solution of carbonate of 
soda, or even dispense with this and 
treat it with the acids. But the wash- 
ings and boiling in the solution of 
carbonate of soda remove a large 
quantity of organic matter and save 
acids. 

When ready for the acids, I shake 
the material well in water, pour a 
certain quantity into a beaker, allow 
it to settle, and drain off the unsettled 
portion. I then add muriatic acid in 
about the following quantity : If. the 
material occupies half an inch in depth, 
I add one-quarter to one-half an inch 
in depth of the acid. I then add one- 
third to one-half as much nitric acid, 
and stir the whole with a glass rod, 
or a strip of glass, when, placing 
the beaker on one oif the rings of the 
retort-stand, on which has been fasten- 
ed a piece of wire gauze to prevent 
^c flame of the lamp from coming in 
fet contact with the beaker, the 
material is boiled for a few minutes, 
fi^eperhaps, seldom ten, and while 
''oihng, finely powdered chlorate of 
potash, or finely powdered bichromate 
of potash, is slowly added till efferves- 
cence nearly or quite ceases, but 
the quantity used is much a mat- 
ter of judgment. A good deal of 
effervescence ensues, and the beaker 
may be overflowed if not closely 
watched. The acids dissolve the 
salts of lime and other substances 
which may be in the material, and 
the chlorate and bichromate of potash 
combined with the acids destroy 
the organic matter by oxidation. 
After it has cooled, the material is 
washed free of the acids and the 
water drained off. It is then boiled 

■ 

m sulphuric acid, using nearly the 
same quantity as of the mixture of 
Jnuriatic and nitric acids. While 
boiling, chlorate of potash, or the 
bichromate of potash in fine powder, 
is slowly added. If bichromate of 
potash is used, a few drops of muria- 



tic is added. Generally the material 
turns pretty white ; sometimes it will 
not. As with muriatic and nitric 
acids, a good deal of effervescence 
ensues, and the same watchfulness is 
necessary. Never add chlorate of 
potash to cold sulphuric acid or there 
will be explosion. It is safe to care- 
fully add it in fine powder to boiling 
sulphuric acid. I prefer chlorate of 
potash in the whole process. I will 
remark here in regard to the use of 
the acids, that I have used them in 
various ways. I have first boiled the 
material respectively in sulphuric, 
muriatic and nitric acids, and in com- 
bination, and I have settled upon the 
above process of first boiling it in a 
mixture of muriatic and nitric acids, 
and then in sulphuric acid ; I have 
found this to answer with all material, 
whether mud, lacustrine, sedimentary, 
sub-plutonic, or fossil. 

After the boiling in sulphuric 
acid, the material is transferred to a 
wide-mouth bottle and repeatedly 
washed. After the material is freed 
of the acid, the light, broken portion 
of the material will remain suspended 
in the water above the settled portion. 
This is drained off by means of the 
rubber tubing, water is added, the 
material is shaken, allowed to settle, 
the floating matter drained off, and 
this is repeated till nothing remains 
but diatoms mixed with sand. If, 
however, flocculent matter should re- 
main, and this can be ascertained 
with the microscope, it may be broken 
up and disposed of by means of com- 
mon water of ammonia — concentrat- 
ed water of ammonia one part, water 
two parts, by measure — and further 
washing. The ammonia should be 
carefully used as there is danger of 
injuring delicate forms by its use. 
If, for instance, there be a quarter of 
an inch depth of material in an eight- 
ounce bottle, not more than half an 
ounce, by measure, of the ammonia 
should be used. The material is well 
shaken in this for three or four min- 
utes, the bottle then filled with water 
and the washing continued till the 
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material is freed of all the flocculent 
matter. It is surprising, sometimes, 
to see the quantity of this. 

We now have the diatoms mixed 
with fine sand. How are we to get 
rid of the latter ? If there happens 
to be coarse sand in the fresh material, 
we may get rid of it by repeated 
settlings and decantations before 
boiling ; and should some remain at 
the last washings after the boilings, 
it may be disposed of in the same 
way. But it is different with the fine 
sand. Graduated settlings and de- 
cantations have been advised ; but 
these are insufficient, as, despite all 
care, more or less of light silt will 
float with the light forms of diatoms, 
and the heavy diatoms will fall to the 
bottom with the heavy sand. Whirl- 
ing in an evaporating dish, has been 
advised, but this is insufficient. I 
have found no method better than 
the. one I have used for several years, 
and which I have never seen des- 
cribed or hinted, except in regard to 
whirling. A few years ago, Mr. E. 
Samuels of Boston, Mass., told me 
he had used a method similar in some 
respects. 

If the material contains the lighter 
forms only, I first use whirling force 
as follows : I take an evaporating 
dish of a size according to the quan- 
tity of material, and fasten it on the 
wheel of my turn-table by means of 
a narrow rubber band passed over it 
and under the wheel. The material 
is diffused in five or six times its 
bulk of water. An empty, wide-mouth 
bottle is near the turn-table and 
should have a capacity of two or 
three times the quantity of diffused 
material. Shaking the material well, 
I fill the evaporating dish about two- 
thirds, and then whirl it with con- 
siderable rapidity till I think the sand 
has mostly settled at the bottom of 
the dish, for the whirling motion 
causes it to fall. I then pour off the 
unsettled portion into the empty bot- 
tle and add more of the material to 
the sand and diatoms remaining in 
the dish, and stir with a narrow strip 



of glass, the whirling is repeated ; 
and so on with all the material. 
When this has been done, water is 
added to the portion in the dish and 
the process continued till no diatoms 
remain in the sand. To ascertain 
this, the dipping-tube, again comes 
into use. The material is treated in 
this way several times, till no sand 
can be obtained by it. If the material 
contains heavy diatoms like the large 
pinnularias, Triceraiium favuSy and 
heavy disk-forms, the whirling pro- 
cess cannot well be used, for these 
heavy forms fall to the bottom of the 
dish with the sand. 

After the above process is ended, 
I proceed as follows, and this is, in 
most cases, the only method used 
after the boiling and washings. I 
have a slide of polished glass 3)4 
inches by 4 J^ inches ; a smooth block 
of wood 4 inches by 5 or 6 inches, 
and 3 inches thick ; two wide-mouth 
bottles of four to six ounces capacity, 
with thin, projecting lips, one empty, 
the other filled with the material thinly 
diffused in water ; several pieces of 
considerable size of old worn cotton 
cloth, and, for I like it best, a clean 
linen pocket-handkerchief, and a 
small table. The table I place beside 
my wash-bowl which is supplied with 
water — not filtered in this instance— 
through a pipe and faucet, and on it 
are arranged my bottles, block and 
cloths. I place the glass slide on the 
block, taking care that the latter is 
level, and, well shaking the material, 
pour a little of it on the slide, and 
then quickly pour it off, tipping the 
slid^ so that the material will flow off 
from a corner of it into the empty 
bottle. The diatoms float off into 
the bottle, and the sand adheres to 
the slide. The slide is then washed 
by letting water upon it from the 
faucet, then wiped as well as may be 
with one of the large pieces of cloth, 
and then the surface to be used is 
wiped with the linen handkerchief. 
This last wiping dries the surface 
thoroughly, and removes any httle 
shreds of cotton, which may have 
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adhered to it from the cloth. Care 
is taken that none adhere. In this 
way the material is all worked over 
and this treatment has to be repeated 
perhaps many times before the ma- 
terial is sufficiently rid of the sand. 
It may be that before this is accom- 
plished, the sand and diatoms will 
cling together on the slide, causing 
considerable loss of the latter. This 
is owing to little particles of matter 
getting into the material from the 
cloths, or from the air, and cannot be 
prevented. As soon as this clinging 
is detected, which is easily done by 
occasionally examining the slide un- 
der the microscope, first drying it 
after pouring ofif the material, the 
latter should be boiled for a minute 
in sulphuric acid, to which is added 
a little chlorate of potash while boil- 
ing. Of course the diffused material 
is poured into a beaker, allowed to 
settle, and the water drained off. It 
is then washed and the treatment 
continued. When the material is at 
last freed of sand, it is boiled a last 
^e m sulphuric acid, chlorate of 

potash being used as before. It is 

fa thoroughly washed and properly 
fliffused in dilute alcohol for mount- 
% The alcohol should be filtered 
as well as the water. 

In this last process some of the di- 
atoms will adhere to the slide,. but 
this is of little consequence if there be 
plenty of material. As the cloths get 
pretty wet, as they will, they should 
i>e exchanged for dry ones. 

Such is the treatment of fresh-mud 
Diatcrial. Lacustrine (sub-peat), sedi- 
nientary deposits and guano, are 
treated in the same way. 

The treatment of hard, sub-plutonic 
J^d fossil material is somewhat dif- 
ferent. This material is often very 
hard and has to be reduced to pow- 
ycr. This is accomplished by boil- 
^^g It in a solution of caustic potash 
""■liquor potassa. This should be 
fautiously used, as too much boiling 
!^ It will injure the diatoms. Boiling 
^^ a strong solution of carbonate 
01 soda will often accomplish the 



same end, though not so easily, but 
its use is safe. As soon as a portion 
of the material has fallen in powder, 
it should be poured into a large 
quantity of water, and the remaining 
lumps boiled in the solution of potash 
or of carbonate of soda ; this is to be 
repeated till the whole has been re- 
duced to powder. The treatment is 
then by acids, etc., as with fresh-mud 
material. Fresh-mud material should 
not be allowed to dry, as it is then 
very difficult to reduce it to powder. 
When dried hard, perhaps the best 
way is to first bum it in a crucible, or 
in an iron pan over a hot fire ; the 
organic matter will be pretty well 
burned out of it, and it is reduced to 
powder. 

There are generally, I may say al- 
always, many broken diatoms in sub- 
plutonic and fossil material. It is 
very desirable to get rid of these. It 
may be accomplished in a great 
measure by using the slide as for get- 
ting rid of sand. The broken di- 
atoms adhere by their rough edges to 
the surface of the glass, whilst the 
whole diatoms float off ; but more 
will be lost, perhaps, than when get- 
ting rid of sand in this way. 

When the material is pure, as in fila- 
ments, or when attached to algae, it is 
boiled in the acids, very gently iJF the 
forms are delicate. The action of the 
acids, chlorate and bichromate of 
potash, and the washings remove all 
organic matter and leave the diatoms 
pure. 

Colorado Springs, Col. 

EDITORIAL. 



Subscriptions. — Remittances for subscrip- 
tions should be made by pont-ofllice, or express, money- 
order, bv drafts payable m New York, or in registered 
letters. Money s«nt in any ether way will be at the 
sender's risk. A receipt will be immediately given for 
money received by open mail. 



— The sixth and last part of Saville 
Kent's " Manual of the Infusoria " 
will doubtless be issued in London 
by the time this Journal reaches its 
readers, and will soon be in the hands 
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of subscribers in this country. The 
work will hereafter be supplied bound 
in cloth, in three volumes, two of 
text and one of plates. 

-o 

— ^We have received so many con- 
tributions for publication within the 
last few weeks that some of them 
must lie over for a month, and con- 
tributors should not be disappointed 
if their articles are not printed imme- 
diately. To ensure early publication, 
articles should be sent in as soon a§ 
possible. In most cases articles are 
used in the order of their receipt, but 
this rule is not strictly adhered to, for 
reasons that must be obvious to all 
readers. 



Address of the President of 
THE Royal Microscopical Socie- 
ty. — We regret that we cannot print 
this address in full, but there is so 
much original, interesting matter now 
in hand, that we have felt obliged to 
curtail the address somewhat. As a 
whole, it is one of the best, most 
clear, sensible and intelligible presi- 
dential addresses that it has been our 
good fortune to read for some time. 

o 

A New Medium for Mounting. 
— The use of a solution of phospho- 
rus in carbon disulphide was proposed 
long ago by Mr. Stephenson, of Lon- 
don, as a mounting medium for cer- 
tain objects. The refractive index 
of this solution is 2.1. It is a liquid 
that requires considerable care in itS/ 
preparation and use, and is, therefore, 
not likely to become very popular. 

Another solution, with a somewhat 
lower refractive index, but one which 
has the advantage of being readily 
prepared, has been introduced by 
Mr. Stephenson. It is a solution of 
biniodide of mercury and iodide of 
potassium in water. It may be used 
of any strength, and the refractive in- 
dex may be varied at will from 1.33, 
which is the same as water, up to 
X.68, which is greater than that of 
monobromide of naphthaline. This 
fluid gives the microscopist an aquous 



medium which can be used instead of 
balsam or glycerin with equally good 
results, so far as the visibility of 
structures is concerned. 



PoND-LiFE. — American microsco- 
pists in general need to be urged to 
devote more of their attention to 
pond-life. It is lamentable that so 
little is known of our microscopic 
fauna and flora, while in England the 
greatest interest seems to be felt in ' 
the study of living microscopic organ- ' 
isms. In the hope of stimulating our 1 
readers to give more time to col- 
lecting, we have printed several arti- 
cles on collecting, describing what 
was found on one or two occasions, 
and once more we urge microscopists 
who have not time to collect for 
themselves, to order tubes regularly 
from Mr. Balen. We can assure them 
that they will get from him full value 
for their money. He has sent delicate 
living specimens across the continent 
to California, which have reached 
their destination in fine condition, 
and, in case they do fail to survive the 
journey he is always willing to send 
another tube free of charge. We hope 
he will he will be encouraged in his 
work of collecting and distributing 
specimens, by liberal orders from the 
country at large. Those who wish to 
see the beautiful Volvox globator in all 
its beauty, would do well to send to 
him for a supply. With the " Manual 
of the Infusoria," by Mr. Kent, the 
" Synopsis of Diatoms," by Dr. Van 
Heurck, the " Fresh -Water Rhizo- 
pods," by Prof. Leidy, or our own 

Synopsis of Rhizopods " with plates, 
the collector would be well provided 
with books of reference ; or with 
either one of these he could confine 
himself to a single subject, and study 
it to advantage. There is still want- 
ing a good Work in English on the 
algae of fresh-water, and this we hope 
will eventually be written by Mr. 
Wolle. 



I 



The Flagellates. — In the last 
number of the Bulletin de la SocUte 
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Zoblogique de France^ there is a Con- 
tribution to the Study of the Flagel- 
lates, by J. Kflnstler, illustrated by 
three plates, which deserves more 
than a passing; notice. The author 
begins by a historical review of the 
study of these infusoria, which is 
very useful as well as interesting. He 
alludes to the different opinions that 
have been held by authors as to the 
position of these organisms in the 
scale of life, closing the chapter with 
the latest classification, that of Stein, 
which he seems inclined to adopt as 
the best. 

The descriptive part follows, and 
in this chapter are recorded a num- 
ber of new observations, which pos- 
sess great interest, indicating that 
the author is a careful observer, and 
also demonstrating the superiority of 
the optical appliances of the present 
day over those used by observers in 
the past, for work of this kind. The 
organism most thoroughly studied in 
these researches, was similar to Cryp- 
totnonas attata^ £hr. The attachment 
oithe flagellawas carefully examined. 
They are " inserted upon a fleshy 
cusliion (bourrelet charnu) situated at 
^e bottom of a tube which rises in 
^fte centre of the vestibulary cavity 
^d surrounds these organs." A 
transverse striation, similar to that of 
muscles, was observed on the flagella, 
after treatment with reagents. Be- 
sides the terminal locomotor organs 
above mentioned, these creatures pos- 
sess also another group of flagella 
which, owing to their extreme tenuity 
and transparency, have not been here- 
tofore observed. These are situated 

• 

m a series on the sides of the su- 
perior slope (/chancrure) and are prob- 
ably organs for the prehension of 
food. They are also to be found in 
other flagellates, as Chilomonas^ Cryp- 
iomonas and others. 

The body-covering of the animal 
presents a reticulated appearance, 
caused by the very regular distribu- 
tion of grains of starch found in the 
inner portion of the tegument, which 
IS made up of several distinct layers 



which are described. Passing hastily 
over this interesting part of the sul:^' 
ject, some physiological considera- 
tions occupy the next few pages, but 
our notice is already quite long, and 
we can only translate an interesting 
passage, compasing certain process of 
animal and vegetable life : — 

" The production of starch, in those or- 
ganisms, docs not seem to constitute a 
phenomenon absolutely dependent upon 
the function of the chlorophill, nor is it a 
direct consequence of it ; because its in- 
tensity does not increase in a direct ratio 
with the abundance of light, but it is 
rather an immediate result of the second 
mode of nutrition which they possess, that 
which is exercised by the injection of food. 
In vegetables exposed to the light the 
chlorophyll corpuscles always contain one 
or several grains of starch; if they are 
placed in darkness, these granules disap- 
pear in a very short time, but others form 
after they are again placed in the light ; 
the fabncation of the starch is in them, 
therefore, absolutely dependent upon the 
conditions of light. 

" Among the Ciyptomonas^ on the con- 
trary, when they find easily within reach 
nutritive material in abundance, this pro- 
duction of starch becomes so considerable 
that, by the continual thickening of the 
grains, these organisms finally become 
opaque, after which, if the fooa becomes 
more scarce, the production of starch 
diminishes progressively, and in a con- 
comitant manner, until it ceases, however 
favorable may be the conditions of light, 
or however intense their green coloration." 

We cannot do full justice to this 
most admirable memoir of original 
investigation, by any brief Hsumi that 
we might give here, but, so far as we 
have been able to judge, it is one of 
the most valuable contributions to 
this subject that has recently ap- 
peared. 

NOTES. 

— Mr. John W. Sidle has written a pri- 
vate letter to us concerning the use of the 
iris-diaphragm above the objective to re- 
duce the angular aperture, in which he 
states that somewhere in the Quarterly 
Journal of Microscopical Science, or in 
the Monthly Microscopical Journal^ 
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eight or ten years ago, Mr. Royston-Pig- 
got described an apparatus which was 
nothing more than an iris-diaphragm, 
made by the Messrs. Beck, placed above 
the objective. 

— In The Northern Microscopist Mr. 
J. B. Dancer has suggested a very simple 
plan of limiting the angular aperture of 
objectives by means of diaphragms. He 
cuts a shallow recess in the upper part of 
one of the female screw parts of a double 
nose-piece, into whi'^h the different dia- 
phragms can be successively dropped, and 
lifted out with a wire hook. 

— Dr. H. D. Schmidt, of New Orleans, in 
an article on the prevention of yellow 
fever, made the following declaration re- 
fi^arding atrial disinfection : " Aerial disin- 
fection, as commonly practiced in the 
sick-room, is either useless or positively 
objectionable, owing to the false sense of 
security it is calculated to produce. To 
make the air of a room smell strongly of 
carbolic acid by scattering carbolic pow- 
der about the floor, or of chlorine, by 
placing a tray of chloride of lime in a cor- 
ner is, so far as the destruction of the 
specific contagria is concerned, an utterly 
futile proceeding." 

When we consider the power of the 
minute, so-called germs of disease to resist 
destruction by chemicals added to solu- 
tions in which they grow, it is surprising 
that so many physicians should place any 
value upon atrial disinfection in the sick- 
room. Surely, it may be reasonably con- 
cluded that an atmosphere sufficiently im- 
pregnated with gases or vapors to be de- 
structive of the spores or germs of schizo- 
phytes, would also be poisonous to human 
bemgs. 

— It is seldom that we hear anything 
about the notices under "Exchanges," 
and at times we have questioned whether 
our readers were deriving benefit from 
them. Dr. Ward's offer of pigeon-post 
despatches, however, has, we are sure, 
called forth many requests for those inter- 
esting photographs; and Mr. Cunning- 
ham, who has offered slides of Biddul- 
phia kevis, informs us that he has received 
no less than thirty preparations in ex- 
change. This shows that one can secure 
a large collection of objects at a very tri- 
fling cost, if he will mount some interest- 
ing objects and offer them for exchange. 

Once more we state that we seldom 
know an)rthing about the kind of material 
that is sent out in exchange. One must 



expect to receive some poor things among 
the good ones, and the most we can do is 
to urge our readers to select for exchanges 
good material and to mount it well. 

— We are pleased to notice that the 
Boston Society of Natural History is aeain 
enabled to announce that a sea-side labor- 
atory, under the direction of the Curator, 
and capable of accommodating a limited 
number of students, will be open at An- 
nisquam, Mass., from July 1st to Septem- 
ber 1st, 1882. 

The purpose of this laboratory is to 
afford opportunities for the study and ob- 
servation of the development, anatomy, 
and habits of common types of marine 
animals, under suitable direction and ad- 
vice. There will be no attempt to give 
lectures or any stated courses of instruc- 
tion. For more definite information, ap- 
plicatian should be made to the curator, 
Mr. Alpheus Hyatt. We trust some of 
our readers will avail themselves of this 
opportunity to learn how to study the 
processes of growth and development. 

Annisquam is situated on an inlet of 
Ipswich Bay, on the north side of Cape 
Ann, and is about three and a half miles, 
by coach, from the Eastern Railroad 
Company's station in Gloucester. 

CORRESPONDENCE. 



SWARM-SPORES OF CLOSTERIUM. 

To THE Editor. — On reading the 
article on the reproduction of Closterium 
by swarm-spores, in the March number 
of the Microscopical Journal, I at 
once recognized the resemblance between 
the figure 8 there given, and the figure of 
Chytridium endogenum, described by 
Alexander Braun as inhabiting Ciosterium 
lunula, Braun believed that the microgoni- 
dia of Ciosterium, described by Focke, 
were merely the zoospores of the Chytri- 
dium. In the paper by Mr. Holland, he 
states that the round bodies found were 
green, as well as the swarm-spores them- 
selves. In Chytridit{m, however, there is no 
green color, but the parasite is nearly color- 
less. Inasmuch as the resemblance to C. 
endogenum, is in most points surprisingly 
great, would it not be well to inquire 
whether there has not been some error in 
describing the color in the Journal, and 
also the approximate number and size of 
the zoospores, coming from a single cell. 

W. G. Farlow. 

Cambridge, April 21st. 
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PHOTO-MICROGRAPHS. 

To THE Editor. — I have been work- 
ing for some time past to simplify the 
technique of photomicrography and, I 
think, with very good success, as I find 
that by the use of dry-plates I am able 
to dispense with the use of a heliostat for 
powers below 600 diameters. 

It will be admitted that this is a great 
desideratum, as the heliostat is a some- 
what expensive piece of apparatus, and 
requires a certain amount of skill for its 
management. 

It is my intention to give a detailed 
account of the technique as perfected by 
myself, in the introduction to a work soon 
to be published, which will be entitled 
"Elementary Lessons in Biology," and 
which will be illustrated by photomicro- 
graphs reproduced by the heliotype 
process. 

A connmunication in the April number 
of the Microscopical Journal has 
induced me to send you the photomicro- 
graphs enclosed with this letter. 

In the communication referred to. Prof. 

Kain announces his success in making 

photomicrographs by lamp-light. I made 

some experiments in this direction in 

Baltimore last summer, and convinced 

niyxlf that for low-powers it was quite 

pradcable to use a powerful oil-light, as 

the source of iUumination, but the long 

ciposQre required, and the indifferent 

'^ I obtained caused me to abondon 

tlieoO-light in favor of sunlight reflected 

irm a clear sky. 

I am quite surprised at the brief time 
of exposure, whicn Prof. Kain has found 
sufficient, and would be very glad to see 
some of his photomicrographs, especially 
those made without removing the eye- 
piece. My experiments were made with 
Carbutt's extra-rapid plates, and without 
an eye-piece, but the time of exposure re- 
quired, was so great that I abandoned the 
method. 

If Prof. Kain, has succeeded in making 
good photomicrographs, with an oil-light 
and without removing the eye-piece, in 
the brief time mentioned, he has certainly 
(lone very much to popularize an art 
^hich has heretofore presented so many 
difficulties, and required such elaborate 
apparatus that considerable time, patience 
and money were necessarily expended 
by the few who have been successful in 
making satisfactory photomicrographs 
with high powers. 

I have for several months past been 
working without a heliostat, using light 



reflected from the sky on a bright day. 
For the highest power mentioned (600 
diameters), it is essential that the sky be 
free from clouds, and the atmosphere not 
at all hazy. I enclose a photomicrograph 
of bactena, made in this way without tne 
use of a heliostat. The time of exposure 
was twentv-five minutes, and the plate 
was manufactured by the Eastman Dry- 

Clate Co., of Rochester, N. Y. I have 
een using these plates exclusively for 
some time past, and am much pleased 
vnih them. 

Geo. M. Sternberg. 
May 1st, 1882. 

[We are indebted to Dr. Sternberg, for 
a number of very excellent prints, which 
are at this office where they can be seen 
by any person who is sufficiently interested 
in the subject to call for them. As re- 
gards the time of exposure, it is certainly 
possible to make good negatives witn 
exposures of one and a half to three min- 
utes, using a student's lamp, as Prof. Kain 
has stated ; but it is also possible that more 
detail would be developed by giving an- 
other half a minute — ^we have tnought so 
from the result of a recent experiment, 
but have not made another trial to test 
the matter. — Ed.] 

MICBOSCOPICAL SOCIETIES 

A regular meeting of the State Mi- 
croscopical Society of Illinois was 
held on Friday evening, April 12th, Dr. 
Lester Curtis in the chair. 

Dr. Elbert Wing read a paper on " The 
Arterial Terminations, the Malpighian 
and Oval Splenic Bodies, and the Honey- 
comb of Membranes, in the Spleen." 

The writer gave an account of the hon- 
ey-comb of membranes described and 
figured by Klein. This honey-comb is 
onlv a plexus of blood-vessels, continuous 
with the arteries on one side and the veins 
on the other. From the interior of these 
vessels there project buds, which ap- 
pear to grow and become detached and 
enter the Wood-current. These buds, to- 
gether with the honey-comb membrane, 
Klein considers to be the substance of the 
pulp of the spleen. He then described some 
investigations on the terminations of the 
arteries of the spleen, conducted by Drs. 
H. K. and C. G. Jones, which were sug- 
gested by some studies on the subject by 
Dr. Salisbury, of Cleveland, Ohio. Ac- 
cording to these researches the arteries of 
the spleen terminated : — 
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1st. In tubular glands followed by sim- 
ple capillaries. 

2d. In tubular glands followed by oval- 
splenic bodies. 

3d. In Malpiehian bodies (rarely). 

4th. In capillaries directly, without the 
intervention of tubular glandules. 

The Malpighian bodies are well-known 
as occurring in the gaps of the small ar- 
teries, sometimes on their sides. These 
the Drs. Jones consider to be merely the 
lymphatic glands of the spleen, having 
no connection with the blood through the 
lymphatics. The tubular, glandular and 
oval-splenic bodies are new structures. 
The first of these are the direct continua- 
tion of some of the smaller arteries. When 
the artery passes into one of these struc- 
tures its calibre becomes very much nar- 
rowed and its walls thickened. It seems 
to be lined with a glandular Epithelium. 
They may terminate m capillaries or in the 
oval-splenic bodies. These last bodies 
are " the expansion of the fibrous coat of 
the tubular glandules into an oval head or 
thin-walled sac." " In other words the 
oval-splenic body represents the capillarv 
system which connects one arterijd with 
one venous extremity." " The oval-splenic 
bodies are the active organs of the spleen, 
and are bodies which have been described 
as splenic cells, and pulp." The writer 
spent some time in studying the subject 
in the spleens of various animals, and in 
the human spleen. He agrees with Dr. 
Klein as to the termination of some of the 
arteries in sinuses into which budding 
cells project. He also finds the tubular 
glands and oval-splenic bodies, and thinks 
they are actual structures, and not false 
appearances due to faulty preparation. 
He thinks, however, that the oval bodies 
are always found at the termination of the 
tubular glands, and that their absente 
is due to their being torn or cut off in 
making the preparation. The most com- 
mon termination of the arteries, however, 
is the capillaries. He did not find any 
artery termination in a Malpighian body. 
The paper was illustrated with drawings. 

Mr. Bulloch described his method of 
measuring the magnifying power of ocu- 
lars. The apparatus used by Mr. Bulloch 
is described elsewhere in this Journal. 

At a meeting held April 28th the fol- 
lowing officers were elected for the ensu- 
ing year : President, Dr. Lester Curtis ; 
Vice-presidents, Prof. E. T. Hill, Prof. E. 
S. Bastin ; Secretary, William Hoskins ; 
Corresponding Secretary, E. B. Stuart ; 
Treasurer, W. H. Summers. 



NOTICES OF BOOKS. 

Btrd*s Nesting: A Hand-book of In- 
struction in Gathering and Preserving 
the Nests and Eggs of Birds for the 
Purposes of Study. By Ernest Inger- 
soU. Salem: George A. Bates, 1882. 

This book is published in a manner to 
attract the reader by its appearance, even 
if he be quite ignorant of the subject. 
A number of useful and ingenious de- 
vices for assisting the collector of eggs 
and nests are described. That the writer 
pursues the science con amore, is easily 
seen. In his " Plea for the Study of 
Nests " he rises into the psychology of the 
subject^ for he says : " it gives a glimpse 
of the bird's mind, and furnishes an en- 
trance into the very soul of ornithology." 

The author describes the best methods 
for finding, transporting, labelling, and 
storing eggs and nests, and gives much 
practical information for the novice in 
collecting. 

Mr. Ingersoll's style is pleasing, and the 
reader cannot fail to observe that he is an 
enthusiast in his study. Indeed, one must 
needs have a heart of stone if he would 
pursue the study of ornithology and not 
come to love the feathered songsters 
whose homes and haunts he penetrates ; 
and when, in pursuing the study, his mind 
sees beyond the many curious facts re- 
garding the life, habits, and instincts of the 
birds, it will not seem strange that all who 
begin the study find in it a fascination, 
which is enhanced by the delightful ac- 
companiments of fresh, country air and 
scenery. A list of birds concerning 
which but little is known is given at the 
end of this treatise on oology, which, with 
a conceit that may be forgiven in an en- 
thusiast, the author regards as the " foun- 
dation of ornithology, and animal life, and 
biology in general, and finally, the whole 
of human learning." E. C. H. 



Exchanges. 

[Exchanges are inserted in this column without 
chaise. They will be strictly limited to mounted 
objects, and material for mounting.] 

On receipt of a well-mounted slide, I will send a 
slide of crystal, (for the polarzer) of any of '^^ "^ 
vegetable products which I may have ; will send list 
of same on receipt of postal request. 

J. KETCHUM, Jr., ^. 
P. O. Box 877, New York City. 



Wanted. — Animal parasites, Ixodes, Acari, etc., 
either mounted or unmounted. W. A. HYSLOP, 
33 Palmerston Place, Edinburg, Scotlaod. 
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Fowl Cholera and the Oerm- 
Theory of Disease. 

BY D. E. SALMON, D. V. M. 

No longer than a year ago, there 
were so many criticisms of the germ 
theory continually appearing in our 
medical and scientific periodicals 
that the writer felt it a duty to place 
the evidence bearing upon the ques- 
tion before the workmg microsco- 
pists of the country in such a connect- 
ed form that they could scarcely fail 
to appreciate it. Accordingly the in- 
vestigations of the best studied of the 
contagious fevers, viz., charbon were 
ie\'iewed in two articles published 
w Ibis Journal of April and May, 
1881, and the conclusion reached 
t/iattliere could no longer be a shad- 
ow^ of doubt of this disease being pro- 
fed by the multiplication within 
the body, of the Bacillus anthracis, a 
variety of bacteria. 

After patiently waiting a year to 
allow those who oppose the germ 
theory ample time to place their ob- 
jections to this evidence on record, 
without any such objection appear- 
ing, it may be concluded that, up to 
this time at least, there are no sub- 
stantial grounds for doubts. Still, 
we occasionally see elaborate articles 
intended to prove that the bacteria 
of contagious diseases are nothing 
more or less than one of the forms 
assumed by coagulating fibrin — that 
the micrococcus is granular fibrin, 
the bacillus, thread-like fibrin and 
the spirillum spiral fibrin ;* and 
though it may now be assumed that 

*Rollin R. Gregg, M. D. No Bacteria in 
Diphtheria. — The Medical Record, Feb. i, 

1882. 



a majority of our scientific men are 
convinced of the truth of the germ- 
theory, the evidence upon which it 
rests is yet entirely too slight if we 
except the single disease already al- 
luded to. 

As a working theory, we have seen 
more light thrown upon contagious 
fevers by its use for half-a-dozen 
years than was gained before in the 
whole history of medicine; but not- 
withstanding this, its true friends do 
not care to press its acceptance; in ad- 
vance of the actual results obtained 
by scientific investigations. Charbon, 
as we have seen, is the foundation of 
our structure, and we may feel certain 
that this foundation is secure, and 
will never crumble beneath the suc- 
cessive additions that may, from time 
time, be placed upon it. Has the 
time arrived, therefore, when we may 
confidently announce that the first 
story of the edifice has .been reared 
upon the foundation, and that it is so 
well finished as to be perfectly safe 
for use, and to serve in turn as a sup- 
port for future work ? The writer 
believes that this time has come, and 
will proceed at once to a considera- 
tion of the work accomplished. 

The domesticated fowls of various 
countries, including our own, are sub- 
ject to a most virulent and fatal dis- 
ease which, year after year, almost de- 
populates the poultry yards of vast 
sections, and causes enormous aggre- 
gate losses. This disease may be 
communicated to healthy fowls by 
placing these in the same enclosure 
with sick ones; by feeding them with 
the flesh or blood of recently dead 
birds; or by introducing portions of 
the flesh or blood of very sick or 
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dead birds beneath the skin. The 
disorder is not accompanied by erup^ 
tions on the skin, but is characterized 
by elevated temperature, dullness and 
loss of appetite, often deep- somno* 
lence, by paleness of the fleshy parts 
about the head, and by yellow colora- 
tion of that part of the excrement 
which is separated by the kidneys. 
The most marked and constant lesioH' 
is an intense congestion of the liver 
with enlargement and softening; and 
there are frequently other complica- 
tions which, for the purposes of this 
communication, it will be unneces- 
sary for me to enumerate. My aim 
is simply to establish the fact that this 




Fig. 34. 

Fig. 84. — Micrococci of fowl cholera, from a stained 
preparation of cultivated virus, X 1000. 

is a virulent internal disease, or in 
other words a contagious fever. 

A little over two years ago M. 
Pasteur presented his communica- 
tion on this affection to the Acade- 
my of Medicine,* and shortly after- 
wards the writer began his investiga- 
tions of it which were continued until 
the present, and are not yet entirely 
finished. The facts demonstrated by 
these researches, which bear upon the 

* L. Pasteur. Sur les maladies vinilentes 
et en particulier sur la maladie appelee vul- 
gairement cholera des poules. — Bulletin de 
VAcadimie de Al/decine, i88o^ /. 121, 



etiology of the disease, are briefly 
as follows : — 

I . The virulent liquids of the fowl's 
body contain micrococci. — If we exam- 
ine the blood or tissue-juices of a bird 
nearly dead of cholera, or from one 
that has recently died, we may find a 
considerable number of granules hav- 
ing the dumb-bell form, or some ap- 
parently single globules, caused by 
one part being directly beyond the 
other in the line of vision. These 
bodies are extremely small, less than 
TvW th of an inch in short diameter, 
and perfectly motionless. If the mi- 
croscopist relies upon this examina- 
tion alone, however, it would not be 
strange if he remained in doubt as to 
the nature of the granules which he 
has discovered. They might very 
reasonably be considered as granular 
fibrin, as the debris of broken down 
cells, or as particles of uncertain na- 
ture which have gained entrance from 
the atmosphere. It will be found 
difficult in many cases, if not gener- 
ally, to obtain the bacterial reaction 
to coloring matter by staining with 
anilin, violet, or other agents. 

Fortunately, the microscopist of to- 
day has the means of accurately de- 
termining the nature of such granules 
— this is accomplished by their culti- 
vation in suitable media. Pasteur 
demonstrated that these granules 
might be cultivated in a liquid ob- 
tained by simmering the muscles of 
fowls in water and afterwards filtering 
to transparency and sterilizing by heat; 
this I have confirmed by long-con- 
tinued and careful experiments. 

Can we be certain, however, that 
the organisms which we are cultivat- 
ing, really existed in the blood of the 
fowl while circulating in the veins, or 
may they not have gained entrance 
from the air ? This objection is more 
pertinent than many imagine, for not- 
withstanding assertions, the proba- 
bilities are that very few persons, 
taking the world over, have made 
pure cultivations from virulent 
liquids. Klein believes that he has 
done this with the virus of the dis- 
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ease which he calls pneumo-enteritis 
of swine, and which is so well-known 
in this country as hog cholera; but 
my own investigations do not confirm 
this, for I have always obtained by 
cultivation an entirely different or- 
ganism, being the one which Klein 
himself discovered in the tissues of 
affected animals, and which he was 
led to discard by what I am forced to 
consider most imperfect cultivation 
experiments. Even Doctors Wood 
and Formad are constrained to admit 
that in their cultivation of the sup- 
posed virus of diptheria, if the tem- 
perature was varied, a different or- 
ganism frequently appeared.* These 
gentlemen selected the cultivation- 
apparatus which misled Klein, and 
which, to say the least, is hardly suited 
to investigations of this delicate na- 
ture. 

The writer has used an apparatus 
of his own, which will be fully de- 
scribed in his report to the Depart- 
ment of Agriculture of 1881, and 
ihich in his hands has given the most 
complete satisfaction. Instead of 
using one or two drops of liquid for 
a cultivation-medium, the usual quan- 
^i^is half an ounce; and this has 
been increased for special purposes 
to a quart. A small fraction of a 
drop of virulent blood added to such 
an apparatus, with suitable precau- 
tions for excluding atmospheric bac- 
teria, will cause the limpid liquid 
which it contains to become opale- 
scent, or turbid, within twenty-four 
hours, and a microscopic examination 
shows this turbidity to be due to vast 
numbers of the dumb-bell forms al- 
ready mentioned. If the blood is 
obtained and introduced with proper 
care, it will be in vain for us to search 
our preparations for other forms of 
bacteria, and no matter bow long we 
preserve our cultivations, nor at what 
temperature we keep them, the result 
will be the same. Having made a 
pure cultivation of the organism, if 

*Drs. H. C. Wood and H. F. Formad. 
Report on Diphtheria. — Supplement No 77, 
National Board of Health Bulletin, p. 6. 



our apparatus is perfect, it will re- 
main pure indefinitely. 

With a single cultivation and with- 
out other tests, we might be uncertain 
as to whether the bacterium obtained 
really existed in the blood, or whether 
it was of atmospheric origin; but 
when we have repeated the experiment 
a considerable number of times, al- 
ways obtaining organisms morphologi- 
cally the same, and these very different 
in essential characteristics from the 
bacteria which multiply in similar 
liquids after exposure to the air, we are 
warranted in concluding that they 
were not introduced from the air but 
from the blood. 

Now, when we have proved that a 
certain bacterium exists during life in 
the blood of affected birds, is that 
good evidence that the disease is 
caused by such organisms ? Evi- 
dently, it is very insufficient, but for- 
tunately we are able to satisfy the 
most fastidious on this point, by ad- 
ditional facts. 

2. Liquids in which bacteria are cul- 
tii'aied produce the disease by inocula- 
tion. — If we add one-fourth of a drop 
of virulent blood to five hundred 
drops of cultivation-liquid, and place 
this in an incubator at 90** F. for 
twenty-four hours, or until the de- 
velopment of micrococci has pro- 
duced turbidity, we find that inocula- 
tion with this liquid as surely pro- 
duces the disease, and that this is as 
fatal, as when virulent blood is the 
material used. But there is a point 
here that is nearly always overlooked 
by those who make this class of inves- 
tigations : perhaps this cultivation, 
as we call it, is only a dilution of the 
original virus — a dilution not suffi- 
cient to destroy its activity. We have 
used a half-ounce or more of liquid, 
and have made a dilution of i to 
2000 — a dilution much greater, it is 
true, than is usually made by those 
who cultivate in but a drop or two of 
fluid in a small cell — but it is our ob- 
ject to give a scientific demonstration 
and not to follow in the uncertain 
footsteps of those who have preceded 
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US. To test the extent to which the 
virus may be diluted, we inoculate; 
healthy fowls with a drop of various 
dilutions of our cultivation-liquid, ob- 
tained as above, and which may be 
called the first generation, and we 
find that a dilution of i to 2000 al- 
most invariably produces death. The 
virulence of a first cultivation then 
proves nothing, and we must stop to. 
inquire the extent to which such vi- 
rulent liquids may be diluted and still 
prove fatal when there is no opportu- 
nity for reproduction. Experiments 
show that death is frequently pro- 
duced by dilutions of fowl cholera 
virus of 10,000 but rarely by those of 
I to 20,000 or I to 40,000, and sel- 
dom, if ever, by greater dilutions. 

We are now in a position to judge 
if the virus really multiplies as we 
know the bacteria do. We have found 
the extent to which the first genera- 
tion must be diluted to destroy its vi- 
rulence and we make a second culti- 
vation which dilutes the first as the 
first dilutes the blood ; after twenty- 
four hours, we start a third cultiva- 
tion, and now the first is diluted in 
the proportion of i to 4,000,000, or 
far beyond the extent to which it was 
found possible to dilute it without de- 
stroying its properties when no culti.-. 
vation was allowed. Have we in this 
case destroyed the virulence ? No, 
indeed; a single drop of the third, 
fourth, fifth or sixth cultivation will 
destroy ten thousand fowls as surely 
as a drop of the first. The virus has 
been cultivated then, has multiplied, 
and is capable of indefinite multipli- 
cation. Our liquid swarms with mi- 
crococci and nothing else can be 
found by the most careful micro- 
scopic examination. If we expose 
virulent liquids to atmospheric germs, 
putrefaction soon occurs and their ac- 
tivity is lost. Why has not the same 
result followed in our cultivation li- 
quids if the bacteria multiplying in 
them were foreign to the virus ? Have 
we not, even here, a strong indication 
that these organisms are the active 
principle of the virus — that they pro- 
duce the disease ? 



3. The living bacteria are required 
to produce the malady, — There are 
three hypotheses which one must take 
into account in determining the active 
principle of even this cultivated virus. 
I. The pathogenic agent maybe a solu- 
ble ferment. 2. It may be living parti- 
cles (bioplasm) extremely minute, or 
having the same refractive index as 
the liquid in which it multiplies, and 
therefore invisible. 3. It may be the 
bacteria to which our attention has 
already been directed. Pasteur has 
shown that by filtering the cultivated 
virus through plaster, the solid parti- 
cles are removed and the limped li- 
quid which is obtained is perfectly 
harmless, even when injected under 
the skin of susceptible birds in con- 
siderable quantities. Objection being 
made to the filtering as liable to re- 
move some dissolved bodies as well 
as the solid particles, the same able 
investigator has given us another and 
very valuable deitionstration. If tubes 
containing cultivated virus are placed 
where the temperature is constant, 
the micrococci are all deposited on 
the bottom of the apparatus, leaving a 
perfectly limped liquid above them. 
Inoculations with this liquid prove it 
to be as harmless as that which has 
been filtered.* 

Even this demonstration was insuf- 
ficient to convince those who oppose 
the germ-theory — the ferment might 
be very volatile and escape from the 
upper layers of the cultivation-liquid, 
or it is attached to the bacteria them- 
selves and can only be introduced with 
them. To meet such objections the 
writer has carried through an entirely 
different line of investigation. It was 
found after considerable experiment- 
ing, that the activity of the virus is 
destroyed at a temperature of 132° F. 
if maintained for fifteen minutes— a 
temperature so low that few, if any, 
chemical bodies would be affected by 
it if protected from atmospheric gases 
and evaporation. Small glass tubes 
were, therefore, completely filled 

♦ Bulletin de PAcadJmie de MJdecine, 1880, 
p. 530. 
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with virus, hermetically sealed, and 
placed for a quarter of an hour in 
water of this temperature. Here there 
was no chance for any constituent to 
escape, and the dead organisms might 
be introduced into the inoculation- 
punctures with whatever chemical 
products there might be adhering to 
them. Now, what is the result of in- 
oculations with virus treated in this 
way ? Experiment shows that a mil- 
lion times as much as produced death 
before, is now unable to cause the 
least sign of disease. The liquid is 
no longer capable of producing the 
affection. 

Still, our opponents may maintain 
the demonstration more or less im- 
perfect — the activity of the virus is 
destroyed at this low temperature, it 
is true, but what evidence have we 
that the bacteria were destroyed 
rather than the other agents which 
we have supposed might constitute 
the active principle. Some bacteria 
resist a boiling temperature for a 
longer time than this ; others multi- 
ply rapidly and seem to enjoy a tem- 
perature nearly thirty degrees above 
'k to which we have subjected our 
virus. Is it not impossible that the 
micrococci under consideration were 
i^illed at so low a point ? 

The fact that this virus is destroy- 
ed so easily, and that bacteria often 
resist such high degrees of heat, cer- 
tainly makes our evidence so much 
the stronger if we can prove that the 
micrococcci which we have cultivated 
are actually destroyed at this point; 
for it would be extremely improbable 
that an accidentally introduced organ- 
ism would be destroyed at exactly 
the same temperature as some un- 
known agent which was present, and 
upon which the activity of the liquid 
depended. 

Let us take two sets of cultivation- 
apparatus containing sterilized liquids 
of the proper kind, and to each of 
these add, with suitable precautions, a 
minute quantity of a pure cultivation 
of the micrococci. The one we heat 
for fifteen minutes to 131** F., the 



other to 132*, and place both in the 
incubator to await developments. In 
twenty-four hours the former is tur- 
bid with micrococci, but the latter is 
as limpid as at first; we wait for two 
or three days but there is no change 
in our results. We now inoculate a 
number of fowls from each apparatus, 
and find that in those cases where the 
liquid containing the micrococci is 
used the birds contract the disease 
while those inoculated with the clear 
liquid are not affected in the least. 

Our demonstration is now com- 
plete — we have started with the mi- 
crococcus and tested each hypothesis 
without other result than to show 
that they are both untenable, and after 
traversing the whole circle of investi- 
gation we are led back to this organ- 
ism as the pathogenic agent without 
which in a living condition, there is 
no virulence. 

We believe, therefore, that the sec- 
ond step in the germ-theory is taken, 
the second story of the structure fin- 
ished ; and we place the results before 
the scientific world with the fullest 
confidence that they will be confirm- 
ed and accepted. 

It will be noticed that many of the 
investigations appear on their face to 
be rather of a chemical or pathologi- 
cal nature than microscopical, and as 
such would be out of place in this 
Journal. I beg leave to remind the 
reader, however, that no one but a 
microscopist can succeed in such re- 
searches — the microscope is neces- 
sary at every step, and it has been a 
part of my purpose to show that the 
microscopist who undertakes to solve 
these difficult questions, must be pre- 
pared to use other apparatus in con- 
nection with his instrument.* 



-o- 



The Micro-organisms of Tuber- 
cular Disease. 

BY DR. L. SCHONEY. 

In response to your request, I will 
endeavor to bring before you this 

* My investigations have been published in 
the Reports of the Department of Agriculture. 
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evening* a brief r/sum/oi the discov- 
ery, by Dr. Koch, of the micro-organ- 
isms to which tubercular diseases are 
due. I will go only so far as may in- 
terest scientific microscopists, dis- 
carding all views from a medical 
stand-point. For this discovery, though 
at first it seems to be purely of medi- 
cal interest, is certainly within the 
realm of the biologist and the field 
of the microscopist. As long as the 
origin and the stages of development 
of bacteria have not been clearly re- 
cognized, the practical physician does 
not know when and where and how 
these enemies of life are to be found 
or attacked. It is true, in surgical 
operations much has been accom- 
plished, since it has become an ac- 
knowledged fact that decay in wounds 
— suppuration and pyaemia — are due 
to such bacteria. Operations not 
dreamt of before — such as the cutting 
out of part of a diseased stomach, oeso- 
phagus, or pylorus, of a whole kidney, 
a larynx, a spleen — are undertaken 
with the chances in favor of success, 
because we can fight these organisms 
by sight, as it were. 

We can chase the germs away from 
the feasts we have provided, that is 
to say, from open wounds, by anti- 
septics, and disinfectants, and by ex- 
cluding the air, their vehicle. But 
those interiial diseases which cannot 
be reached by the knife or by caus- 
tics, such as diphtheria, scarlet-fever, 
measles, typhus, and, most of all, 
tuberculosis, commonly known as 
"consumption," which alone kills 
constantly one-seventh of the human 
race, remain as much a puzzle to the 
physician as a curse to humanity. 

Some of these micro-organisms are 
harmless, others obnoxious; we are 
at their mercy small as they are, great 
as we think ourselves to be; they pol- 
lute our air, our food, our drink; they 
surround us like a host of enemies — 
neither fire nor sword, neither electro- 
cautery nor the surgical knife will de- 

♦Read before the New York Microscopical 
Society, June 2d, 1882. 



stroy them. But the discovery which 
I have the honor to lay before you 
this evening, and which was efifected 
only by means of the microscope, 
leads us to hope that we may yet 
reach them in their original habitat. 

Dr. Rudolph Koch, while practising 
in the small village of Wollsten, de- 
voted himself for many years to the 
study of bacteria, and four years ago 
published his celebrated critique on 
Nageli's work "The Lower Fungi, 
in their Relation to Infectious Dis- 
eases." He made experiments in the 
cultivation of Bacillus anthrcuis (the 
bacterium of splenic fever), after Pas- 
teur, and succeeding in this, he made 
Villemin's experiments with tubercu- 
lous matter in lower animals. Villerain, 
ten years ago, pronounced tubercle 
to be a specific disease, capable 
of infecting others, and due to a speci- 
fic virus; but neither Villemin nor 
Cohnheim, our greatest histological 
microscopists, both of whom hunted 
for the specific bacterium was success- 
ful in the search. 

So recently as the beginning of this 
year, Cohnheim, in one of his last lec- 
tures on pathology, said "The direct 
proof of tuberculous virus is to this day 
yet an unsolved problem." Cohnheim 
and Klebs took tuberculous matter 
in all stages, examined it by different 
methods, prepared it with different 
stainings; they found bacteria such 
as had been found in other diseases, 
but they did not attain the object of 
their search — a specific tubercular 
bacterium. It was reserved for the 
brilliancy and accuracy of the method 
of Koch, in his microscopical investi- 
gations, to bring to light this entity, 
this poisonous virus, which he recog- 
nizes as the true cause of those wast- 
ing diseases known as tuberculosis. 
I must state here that Koch includes 
by the term tuberculosis, both scrof- 
ulous and catarrhal phthisis, and tu- 
berculous disease of the brain, the in- 
testines, and other organs. 

The novel feature of his investiga- 
tion consists first: In the method q^ 
staining, combined with the proper 
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illumination; second, in the applica- 
tion of a new method of bacterial 
cultivation, viz., with a solid, transpa- 
rent matrix of nutrition. 

On the 24th of March, 1882, Dr. 
Koch laid before the Physiological 
Society of Berlin, the result of his in- 
cessant labor and study. His method 
was substantially the following: — 

He took tuberculous matter in 
the liquid state, spread it in a thin 
coating on the cover-glass, dried it, 
then heated it carefully so as to ren- 
der it insoluble. He placed this in 
an alcoholic solution of methyl, which 
was prepared by dissolving one c. c. 
of concentrated alcoholic solution of 
methyl-blue in 200 c. c. of distilled 
water, to which 0.2 c. c. of a 10 per 
cent, solution of caustic soda had 
been added. After 24 hours soaking 
of the tuberculous matter in this so- 
lution, or less if the solution is kept 
at 104** F., the specimen was colored 
blue by the methyl. It was then 
well-washed with a very dilute solu- 
tion of vesuvin. The vesuvin has 
^^e peculiarity of neutralizing the 
decoloring of methyl in all the tis- 
sues, turning them brown, but leav- 
ing the bacilli unchanged. 

The specimen is now to be treated 
^ith absolute alcohol, then put up in 
oil of cinnamon, and finally prepared 
'^ith Canada balsam. As seen under 
the microscope by Koch, using Abbe's 
condenser * without diaphragm and 
the strongest Zeiss oil-immersion 
lens, the tuberculous bacilli appear 
distinctly differentiated as blue, rod- 
shaped bodies, one-fourth of the 
length of a red blood-corpuscle, /. e, 
l>eing about igooo ^^ ^^ mzYi long, their 
width \ of this, slightly cleft at one of 
their ends. They resemble Bacillus 
^^prtz^ which also resists the staining of 
vesuvin, but are thinner, and are not 
split at one end. All the other bacilli 
fhat Koch experimented upon, stain- 
ing them blue with methyl, were 
Washed out by vesuvin. We possess, 
therefore, in vesuvin, a chemical re- 
agent as it were, for the tubercular 
bacilli. Now, to establish the fact 



that these bacilli are the essential 
cause of the disease and not. post hoc 
accident, Koch endeavored to isolate 
these bacilli, and to inoculate with 
them healthy animals. 

He employed a method that origi- 
nated with Tyndall, employing a so- 
called sterilized fluid; a special cul- 
tivating substance was prepared out 
of the serum of ox-blood, which he 
first heated several times up to 48** C. 
in order to destroy all organisms; 
then he heated it again to 75" C. until 
it was reduced to the consistency of • 
a brownish-yellow, transparent jelly. 
This condition of the substance en- 
ables usto recognize the slightest tur- 
bidity that begins to form therein. In 
this matrix, prepared in a test-tube, 
was introduced a small particle of tu- 
berculous matter from a freshly killed 
and infected animal, which became 
diseased by artificial inoculation. 

Within ten days the bacilli gave 
off several spores, which developed 
into rod-bacilli similar to those 
brought out by the double-staining 
described above. With those seeds a 
new matrix was fertilized, and this 
process was kept up by Dr. Koch for 
200 days, always producing the same 
bacilli. 

. Those animals inoculated with the 
early or later generations, with the 
pure, grayish-white specks which ap- 
pear as the propergerms in the matrix, 
became rapidly diseased and died — 
more rapidly than those inoculated 
with the tuberculous matter of the 
animal; even those animals that pos- 
sess a comparatively greater immu- 
nity from tuberculosis became dis- 
eased to an extent involving all 
their organs, when inoculated with 
those cultivated bacilli. They were 
injected by slight wounds in the veins, 
eye and abdomen. The develop- 
ment, however, goes on very slowly, 
but it has its definite periods and its 
limitation. The culture-fluid injected 
without the bacilli never produced 
tubercles. 

Koch found that they grow only at 
a temperature between 30® and 41® C. 






128 



THE AMERICAN MONTHLY 



[July, 



in this respect differing from an- 
thrax bacilli, and Koch infers from 
that that tuberculosis cannot arise 
from the air, or from the water, or 
from plants, but from animals, be- 
cause the tuberculous bacilli can 
only live at the temperature of ani- 
mal life. 

By these experiments, laboriously 
carried out with untiring patience, it 
is proved in the most exact manner 
that the bacilli brought to light first 
by Koch, by the method of double- 
staining of the tissues, are actually 
the true pathogenic organisms of tu- 
berculosis. 

I may be allowed here to digress 
with a brief remark upon the impoi*^ 
tance of staining, which, by some mi- 
croscopists has hitherto been under- 
rated. Even a noted teacher of 
histology recently took occasion to 
ridicule this show of staining, which 
he designates as an aesthetic luxury, 
only good for public exhibition to 
laymen, which, however, masks 
more than represents the true na- 
ture of tissues. Yet the use of 
staining fluids is as important to 
the scientific microscopist, and es- 
pecially to the histologist, as the 
spectroscope is to the chemist. It 
enlarges his field, and brings out 
to view distinctions, and differen- 
tiates individuals of germs of a dis- 
tinct protoplasmic nature and energy 
akin to a certain reagent and not to 
another, as the discovery of Koch 
clearly shows. 

The great importance of the inves- 
tigation of the etiology of infectious 
diseases is apparent to everybody; to 
the practitioner it opens the view, 
though in the distant perspective, of 
a possibility that a disease which, for 
thousands of years has more than 
decimated the human race, can be 
caught and perhaps fought, literally 
in its germs. 

Prof. Tyndall, in speaking of Dr. 
Koch's discovery, in his enthusiasm 
goes so far as to hint the suggestion 
that these bacilli could probably be 
modified by cultivation to a state in 



which they become prophylactic — as 
vaccination in small-pox. Indeed, he 
regards Koch's discovery as one of the 
greatest events in science. I myself 
think the truth or fallacy of this theo- 
ry cannot be settled yet, and that it 
requires further extended experi- 
ments, especially on man himself— 
perhaps on criminals, if their terms be 
extended. For there are many ques- 
tions to be raised against the con- 
tagiousness of tuberculosis; for in- 
stance why students who dissect 
many such cadavers are not more 
frequently infected by the poison, 
and why widows or widowers of 
a husband or wife dead of con- 
sumption, do not as a rule, follow 
them soon, out of tubercular sympa- 
thy. These questions are not cleared 
up yet, much less answered, nor are 
the postulates of the epidemiological 
experience done away with; but so 
much is certain, that these admirable 
experiments show the path by which 
the certainty of decision can'be reach- 
ed. It is the duty of the microsco- 
pists, the detectives in the corps of sci- 
entists, to bring to light these invisi- 
ble enemies to human life, to espy 
and to find them; and the duty of 
the physician to defy and fight them. 



o 

Abstract of the Address of the 
President of the Rojal Micro- 
scopieal Society^ London. 

(Continueii.) 

Mounting-media of High Re- 
fractive Indices. — To utilize the 
full benefit of immersion objectives, 
it is of course essential that the ob- 
ject should be mounted in a medium, 
the refractive index of which is not 
less than that of the immersion fluid; 
and down to a comparatively recent 
period Canada balsam was most com- 
monly used for this purpose, particu- 
larly for diatoms. 

Mr. Stephenson, however, pointed 
out that although by the use of the 
balsam we have attained our object 
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so far as the aperture is concerned, 
yet we have done so at the expense 
of the visibility of the resultant im- 
age, which has become fainter by the 
nearer approximation to equality of 
the refractive indices of the diatoma- 
ceous silex and the balsam; the visi- 
bility of minute structures being pro- 
portional to the difference between 
the refractive indices of the object 
and the medium in which it is 

mounted. 

t * « « * * « 

Continuing his researches on this 
subject, and endeavoring to find the 
best media with high refractive in- 
dices, he has quite lately brought be- 
fore the Society the utility of an 
aqueous fluid capable of being given 
the high refractive index of 1.68, viz., 
a solution of biniodide of mercury 
and iodide of potassium in distilled 
water. This more manageable and 
liighly antiseptic medium appears 
likely to turn out to be of great use in 
^e observation of many objects, 
^ it can be diluted till the index 
oi nter is obtained. This is of ad- 
vantage with such objects as muscu- 
^^iibre, which are themselves of 
^igh refractive power, so that fluids 
of low refractive power must be made 
use of to obtain the required differ- 
ence for more perfect visibility. The 
same communication also contains 
^hat was much wanted, detailed 

practical directions for mounting. 
* * ft * * « * 

In addition to the increase in visi- 
l>ility, there is also the fact that by 
means of such mounting fluids, the 
capacity of stereoscopic binoculars 
with the higher powers is consider- 
ably enhanced. True stereoscopic 
effect, as we have seen, requires a 
depth of vision not less than the 
thickness of the object under obser- 
vation — a depth which, as already 
shown, increases in direct proportion 
^ith the increase in the refractive in- 
aex («) of the mounting fluid. If 
one object is in the air when « = i.o, 
whilst another is in a solution of phos- 
phorus, where n= 2.1, the depth of 



vision will be more than doubled. Ob- 
jects, therefore, that by reason of their 
thickness could only afford an unsat- 
isfactory stereoscopic effect in air, may 
be seen in full relief when mounted 
in phosphorus. 

Relative Value or Objectives 
WITH Large and Small Apertures 
("All-round Vision"). — I now come 
to a much-vexed question, that of the 
relative value, practically, of objec- 
tives of large and small apertures, in 
regard to which a great variety of 
opinions have been promulgated. 

The oldest of these views was that 
which made the preference between 
the two kinds of objectives depend 
upon whether they were to be used 
for the " ordinary purposes of the bi- 
ologist," or for the examination of 
diatoms or other lined objects. The 
objection to this view is, that it as- 
sumes the only function of a large 
aperture to be its resolving power, a 
much too restricted notion, and one 
which deprives the working biologist 
of a most essential aid to his obser- 
vations upon structures. 

A more modern view errs in the 
opposite direction, and insists upon 
the universal superiority of large 
apertures, so that work done with 
small apertures will " have to be done 
over again." 

There is again a third view, still 
more recently put forward, which 
goes much further than the preced- 
ing, and according to which it is im- 
possible that wide apertures can give 
correct images. First on account of 
the unnatural " all-round vision " 
which it is contended is obtained 
with them, and secondly by reason 
of their supposed inherent defect in 
defining power, in consequence of the 
dissimilar images presented by the 
different parts of the enlarged area of 
the objective, with a confused image 
as the general resultant. 

The want of exactness in the first 
two suggestions will sufficiently ap- 
pear, when we have formulated the 
grounds upon which large apertures 
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are shown to be indispensable for all 
observations upon minute structure 
for which high powers are necessary; 
but it will be desirable first to point 
out the erroneous interpretations 
upon which the third view (as to all- 
round vision and dissimilar images) 
has been founded, and for this pur- 
pose it will be necessary to refer to 
the paper by Dr. Royston-Pigott, 
F.R-S., in which the subject is dealt 
with* 

Now, it is necessary to say plainly, 
this view is founded upon a funda- 
mental error, "belonging," to use 
Professor Abbe's words, "to the 
venerable relics of the past naive pe- 
riod of microscopical science, which 
was characterized by an unshaken 
conviction in the validity of the hy- 
pothesis that microscopical vision is 
in all essential respects the same 
thing as ordinary vision." The "all- 
round vision," by virtue of which we 
are supposed, when looking at a min- 
ute cube, to see at the same time the 
top and all the sides (with the result 
of rounding oflF the comers and an- 
gles !), does not really exist, as can 
be shown by the application of the 
simplest laws of geometrical image 
formation. The different obliquities 
of the rays in an objective of wide 
aperture cannot give rise to any all- 
round vision, for in the microscope 
there is no difference of perspective 
attendant upon oblique vision as with 
the naked eye. The difference of pro- 
jection of successive layers which ex- 
ists is ineffective, except in the case of 
binocular vision. This absence of 
perspective may be readily establish- 
ed by examining an object alternate- 
ly by an axial and an oblique ray; it 
will be found that there is no shorten- 
ing of the lines in the latter case, and 
no capacity in the microscope, there- 
fore, for " all-round vision." Indeed 
if this theory were correct, micro- 
scopical vision, even of plane objects 

♦Proc. Roy. Soc. xxxi (1881) pp. 260-78. 



and with very moderate apertures, 
would be entirely destroyed. 

Equally mistaken is the second 
branch of the view which I am con- 
. sidering, viz., that a wide aperture 
I must, in the nature of things, impair 
! definition on account of the increase 
thereby produced, in the dissimilar 
I images received through the several 
I parts of the objective. In support of 
this view, illustrations drawn from 
stereoscopic vision are adduced, 
which admittedly does depend upon 
the dissimilar images formed by the 
right and left-hand halves of the ob- 
jective ; but, as Professor Abbe has 
shown, the dissimilarity of images 
presented by an objective of wide 
aperture is a dissimilarity in the pro- 
jection of successive layers only, and 
this is not effective unless we produce 
these images by different portions of 
the aperture separately and conduct 
them to different eyes, as in binocular 
microscopes. The sole effect of the 
wider aperture, when the images are 
not so separated, is a reduction in the 
depth of vision — ^to confine us to the 
vision of thinner objects, not to im- 
pair the definition of what is seen 
when the objects are within the range 
of penetration. 

If we pass to practical experience, 
we shall find that the principles which 
theory establishes are amply confirm- 
ed. All who have worked with wide- 
angled objectives cannot fail to have 
recognized the great fact of modern 
practical optics, the perfection of de- 
finition obtained with such glasses— 
a fact which has been verified by such 
authorities as Mr. Dallinger, who, so 
long ago as 1878, stated of a new 
J^-inch homogeneous-immersion ob- 
jective of the wide aperture of 1.25 
that " the sharpness and brilliancy of 
the definition which this lens yields 
is absolutely unsurpassed in my ex- 
perience." 

The question of the power of reso- 
lution supposed to be possessed by 
small apertures can also be brought 
to a very simple practical test by 
those who believe in that view exhib- 
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iting here to the appreciative assem- 
blage which they would have around 
them, say 75,000 lines to an inch re- 
solved with the low apertures refer- 
red to ! 

We have seen that on the one hand 
the depth of vision decreases as the 
aperture is increased, and that on the 
other, as the objects become smaller 
and smaller the similarity of their 
images increases with the increase in 
the aperture — the one representing a 
disadvantage attendant upon large 
aperture and the other an advantage 
-and bearing this in mind we are m 
2 position to arrive at a correct view 
of the relative value of objectives 
with large and small apertures, which 
I take to be this : — 

Both kinds of objectives are neces- 
sary for investigations into the struc- 
ture of minute objects, and an ob- 
server to be fully equipped, should 
provide himself with two objectives, 
one of moderate and one of wide 
aperture. The former would be used 
^01 the more general survey of the 

various parts of the object, and the 

latterfor the subsequent examination 

o^its minute structure. In searching, 
^01 instance, through a stratum of 
^uid for Bacteria, a wide aperture 
would be unnecessary, but when a 
particular Bacterium is found, it is 
only that which will give us an accu- 
rate view of its flagellum. 

But again, in the choice of the ob- 
jectives, the proper relation between 
magnifying power and aperture must 
be maintained. For work with low 
powers, it is useless to have large 
apertures. The structure of the ob- 
jects for which such powers would be 
used is not sufficiently minute to re- 
quire large apertures for their proper 
delineation, and we therefore expose 
ourselves to the disadvantage of very 
restricted penetration and the trouble 
of delicate manipulation, without any 
corresponding benefit. 

On the other hand, it is equally 
useless to work with high powers (that 
IS upon minute objects) with small 
apertures. We should have only an 



empty amplification — mere increase 
in the distance apart of the outlines, 
without any additional structure 
being made visible in consequence of 
the defect in aperture. 

Whenever the subjects of our ex- 
amination are so minute as to require 
high amplifications in order to be 
seen, then we must also have large 
apertures in order to obtain perfect 
delineation of the objects. 

Leaving now the theoretical ques- 
tions, which, after all have so impor- 
ant a bearing on our practical work, 
reference need only be made to the 
descriptions published in our Journal 
of new inventions in regard to me- 
chanical and optical appliances (most 
of which have been exhibited at our 
meetings) to prove that great pro- 
gress is being made in the designing, 
manufacture, and application of the 
microscope. Improved stands and 
eye-pieces, new immersion lenses, 
stages, and swinging substages, more 
effective fine movements and elabo- 
rate accessory app^aratus of all kinds, 
indicate not only the activity of mind 
and the abundance of the resources 
of the microscopical optician, but 
that these things are really required 
in a progressive science. 

It is to be hoped that the possess- 
ion of excellent instruments and con- 
venient apparatus will incite many of 
the Fellows to undertake more care- 
ful researches into the minute details 
of organic nature, or amongst the 
very fascinating rocks which are being 
so beautifully cut and mounted by 
petrologists. It is true that the 
difficulty of getting upon a path of 
original research is very deterrent. 
The activity of Continental and 
American microscopists is indeed 
great, and it is always necessary, be- 
fore committing one's self to any sta- 
tement, to search and prove its origi- 
nality. Much microscopical research 
is quite beyond the powers of the 
man who has other avocations, and 
to whom the instrument is a pleasing, 
and none the less important, toy. 
Consider the paraphernalia required 
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to Study the microscopy of the detaijs 
of a minute animal. It has to be put 
into hardening and water-absorbing 
solutions, then to be cut with micro- 
tomes, perhaps frozen in the first in- 
stance, then to be put into other so- 
lutions to be cleared and to have its 
fat got rid of, and then it Tias to be 
colored once, twice, or thrice, and 
possibly to have some color dis- 
charged. Finally it has to be mount- 
ed in a medium. It is necessarily 
somewhat deterrent for a modest mi- 
croscopist to read the excessively 
pronounced opinions of manipula- 
tors about the nature of the structure 
they discover in such complicated 
and altered organic matter, and to 
find that very contradictory opinions 
are published by different investiga- 
tors about the nature of identical 
structures which have been different- 
ly prepared. It appears to many an 
amateur, who happens to investigate 
structures by disturbing their natural 
condition as little as possible, that 
he is, as it were, out of the field. He 
may find it necessary, even in exam- 
ining the simplest section, to pay es- 
pecial care to the illumination and 
centering, and to the application of 
particular powers. He is, of course, 
conscious of inferiority, when 'he 
knows that somebody merely puts a 
chemically treated specimen under 
an objective without the least care 
about optics, and finds out, or thinks 
he finds out, the truth. But there are 
numerous opportunities for original 
research still to be met with in the 
structure of many of the commonest 
invertebrates and plants. The study 
of rocks is in its infancy, and there 
are many very interesting physical 
questions yet to be determined, and 
which can only be settled microscopi- 
cally. Recondite manipulation is not 
much required in any of these re- 
searches, but rather a good knowl- 
edge of how to use the microscope as 
an instrument. 

If in any case there are obstacles 
to original research, it is always in- 
teresting to follow the work of some 



distinguished investigator. It is very 
rarely that a subject is treated ex- 
haustively, and the sedulous yet can- 
did critic, may solve truths which his 
predecessor had not approached. 

In concluding this address, I can- 
not avoid a special mention of the re- 
cent death of a man whose genius 
and careful microscopical work, es- 
tablished an era in histology, and in- 
fluenced that study of embryology 
which must ever be the starting-point 
of philosophical zoology and botany. 
Theodore Schwann elaborated the 
" cell theory " forty-three years ago, 
and in the main it holds good at the 
present day. He lived to see its value 
appreciated by every zoologist, and 
to be able to follow the researches 
with improved lenses, and recognize 
the entities which have no cell-wall. 
Schwann investigated most success- 
fully the nervous system, and his 
name will ever remain associated with 
it. He died at a ripe old age, having 
led an industrious, simple, and most 
useful life, and having lived to see 
himself the recipient, on the occasion 
of his jubilee, of distinguished hon- 
ors on the part of the scientific world. 

EDITORIAL. 
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Bulletin of the Museum of 
Comparative Zo6logy. — In our 
March number, we noticed the first 
five parts of the ninth volume of this 
valuable publication, and now the 
sixth, seventh and eight parts are 
before us. It is proposed to issue, 
in the " Memoirs " of the Museum, a 
" selection from embryological mono- 
graphs," which will give to the stu- 
dent a more or less complete icono- 
graphy of the embryology of each 
important group of the animal king- 
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dom, with illustrative plates to be 
issued in parts. To accompany the 
plates will be carefully prepared ex- 
planations, and a bibliography. The 
bibliography of the Crustacea, by 
Walter Faxon, covers 53 pages in 
the Bulletin number 6. 
Numbers 7 and 8 are in one vol- 
^ ume, the first treating of " Explora- 
tions of the Surface-fanna of the 
Gulf Stream," by A. Agassiz, the 
second " On the Acalephae of the East 
Coast of New England," by J. W. 
Fewkes. Both contributions are ac- 
companied by plates of great value. 



Plant-cells in Animals. — Two 
short notices in the American Jour- 
W of Science^ of April, one relative 
to the " yellow cells " of radiolarians 
and ccelenterates, the other on the 
commensal life of animals and algx, 
are worthy of attention. The so- 
called yellow cells occur in most 
radiolarians ; they have a well-defin- 
ed nucleus and multiply rapidly by 
division. Similar cells have also 
Wq found in other animals, as ane- 
mones, jelly-fishes and others. Citn- 
ioTski, followed by later observers, 
regarded the yellow cells as parasitic 
H^, and it was observed that those 
animals which contained the yellow 
cells, gave out oxygen in sunlight. 
Mr. Patrick Geddes believes that 
the cells are chlorophyllous algas- 
cells, and that when they die they 
afford material for digestion by the 
animal, but living they remove car- 
bonic acid and waste products, and 
supply oxygen to the surrounding 
animal protoplasm, " foreign chloro- 
phyll thus performing the respiratory 
function of haemoglobin." Four 
species of this commensal alga are 
distinguished by Mr. Geddes, who 
has adopted for it the generic name 
Philozoon, 

In the same place we find a notice 
of some observations by K. Brandt, 
on the " Commensal-life of Animals 
and Plants," the results of his inves- 
ligations on the colored bodies in 



Hydra, Spongilla, a fresh-water /^/a- 
naria, and several infusoria. Under 
considerable magnification, each of 
the green bodies consists of colorless 
protoplasm with a nucleus and a 
bowl-shaped mass of chlorophyll im- 
bedded in it. These chlorophyll- 
masses he regards as algae — those 
occurring in Hydra, he names Zaochlo- 
rella conductrix, and the species from 
Spongilla he designates as Z, para- 
sitica. 
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Studies in Microscopical Sci- 
ence. — Mr. Arthur C. Cole, F. R. M. 
S., has begun the publication in Lon- 
do'n, of a weekly pamphlet entitled 
"Studies in Microscopical Science,** 
which bids fair to be of great value. 
The plan is quite a new one, and we 
can do no better than to quote, from 
the announcement, first stating that 
the two numbers now at hand fully 
bear out the Editor's promise, and one 
of the double-stained sections which 
we have received is excellent. The 
announcement reads thus: — 

It is proposed by means of a carefully 
prepared and typical object for the micro- 
scope, together with a drawing and de- 
scriptive essav, to supply Students, Micro- 
scopists, ana Members of the Medical 
Profession, with a ready means for study- 
ing. 1. Microscopical Biology. 2. The 
Physiological and Pathological Histology 
of the Bodv. 3. The essentially modem 
sciences of Microscopical Palaeontology, 
Mineralogy and Petrology. Subscribers 
will be entitled to the following considera- 
tions : Each subscriber will receive every 
week during the term of his subscription, 
1. A microscopical preparation of the 
highest class and most perfect finish. 2. 
A printed description of the preparation, 
in which will be noted : a, the literature 
concerning it; b, the habitat, etc. ; c, the 
methods employed in its preparation as a 
means of study; d, its principal features, 
and any necessary additional remarks. 
3. A lithograped or engraved drawing, or 
diagram of the preparation. The prepa- 
rations during the first year will consist of 
a series of 26 Histological, 18 Botanical 
and 8 Petrolog^ical sections, issued alter- 
nately. 
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NUMERICAL-APERTURE TABLE.* 

TiM *|AraBTinut** of an optical instnuiMint IndlcatM Ite greater or le« capMdtr 
tornoetring rura from the object and traiinnlttliMr them to the Imase. (wdthe 
SE!? ?S?^* ^"r^aS^SS^ S?^«^S ^ therefore determined by the imtfo^ween tti 
!5Sfi* iP^^SSifiSi^fe™*!? °^ ^ emeiwent pencU at the plaoe of tte emersenoe 
:::S^ii'-S**K5^!!r* <**»»««*«' «' » elngle-leiM objectire or of the baok lens of a 
oomponiia objective. 

H^o iSi^JSli^^PSf"*** for all media, In aU caaM by n sin. n,n htAng, the refrao- 
tlre index of tluB medium, and i« the tiemi-anffle of aperture. The raloe of a sin. a 
for any particular ease is the numerical aperture of &e obJectlTe. 



Numerical 

Aperture. 

(wsin v=sa.) 



1 .53 
1-50 
1-48 
1-46 
1-44 
1-45J 
1-40 

vm 

134 
1-83 
l-3;i 
1-30 
l-:i8 
1-26 
1-24 
l-,i2 
1-20 
118 
116 
lli 
Vl'^ 
110 
108 
lOi) 
104 
10:i 
100 
0-98 
0-96 
0-94 
0-93 
0-90 
0-88 
0-86 
0-84 
0-83 
0-80 
Q-78 
076 
0-74 
0-73 
0-70 
0-68 
0-66 
0-64 
0-63 
0-60 
0-58 
0-56 
054 
053 
0-50 



Axtffiie of Aperture (= 8 u\ 



Dr\f 
iectlv 



Objectives, 
(a = 1.) 



180 

157 2 

147 39 

140 6 

133 51 

138 19 

138 17 

118 38 

114 17 

110 10 

106 16 

102 31 

98 56 

95 38 

93 6 

88 51 

85 41 

82 36 

79 35 

76 38^ 

73 44 

70 54 

68 6 

65 22 

62 40 

60 



Water- 
Immeraion 
Objectires. 

(n » 1 SS ) 



180 
165 56 
155 38 
148 28 
142 39 

137 36 
133 4 

138 55 
125 3 
121 26 
118 00 
114 44 
111 36 
108 36 
105 42 
102 53 
100 10 

97 81 
94 56 
92 34 
89 56 
87 32 
85 10 
82 51 
80 34 
78 20 
76 8 
73 58 
71 49 
69 42 
67 36 
65 32 
63 81 
61 30 
59 30 
57 81 
55 84 
53 38 
51 42 
49 48 
47 54 
46 2 
44 10 



Homoge- 

neouM 
Immenion 
ObjectiveH. 

(n=liM.) 



180 

161 23 

153 39 

147 42 

143 40 

138 13 

184 10 

l.O 26 

136 57 

138 40 

122 6 

120 83 

117 84 

114 44 

111 59 

109 20 

106 45 

104 15 

101 50 

99 29 

97 11 

94 56 

92 43 

90 33 

88 26 

86 21 

84 18 

83 17 

80 17 

78 20 

76 24 

74 30 

72 36 

70 44 

68 54 

67 6 

65 18 

63 81 

61 45 

60 

58 16 

56 32 

54 50 

53 9 

51 28 

49 4'i 

48 9 

46 80 

44 51 

43 14 

41 87 

40 

38 24 



Illumin- 
ating 
Power. 

(at.) 



2-310 

2-250 

2190 

2133 

2074 

2016 

1-960 

1-904 

1-850 

1-796 

1-770 

1-742 

1-690 

1-638 

1-588 

1-538 

1-488 

1-440 

1.893 

1-346 

1-300 

1-254 

1-310 

1-166 

1-124 

1-082 

1040 

1000 

•960 

•922 

-884 

•846 

-810 

•774^ 

•740 

-706 

-672 

•640 

•608 

'578 

-548 

•518 

•490 

•462 

-486 

-410 

•884 

•360 

•336 

•314 

•292 

•270 

•250 



Tbeoretleal 

Resolving 

Power in 

lines to an 

Inch. 



lineE.) 



146,528 

144,600 

142,672 

140,744 

138,816 

136,888 

184,960 

188,032 

181,104 

129,176 

128,212 

127,248 

125,320 

123,392 

121,464 

119,536 

117,608 

115,680 

113,752 

111,824 

109,896 

107,968 

106,040 

104,112 

102,184 

100,266 

98,828 
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Example. — The apertures of four objectives, two of which are 
dry, one water-immersion, and one oiUimmersion, would be 
compared on the angular aperture view, as follows : 

io6° (air), 157® (air), 142® (water), i3o<» (oil). 
Their actual aper- 
tures are , how- 
ever, as -80 -98 1-26 1*38 
or as their numerical apertures. 

* From Journcd of the Royal Microacopieal 8oei«ty. 
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Pollen-tubes. — It is well-known to 
every one who has undertaken a sys- 
tematic investigation of any subject, 
that it is not only exceedingly diffi- 
cult to find out anything new, but 
even to verify or disprove the results 
obtained by others is no small task. 

In the investigation of the process 
of fertilization of flowers, it is neces- 
sary to follow the course of the pol- 
len-tubes after they penetrate the 
stigma until they end. This must be 
done by cutting thin sections of the 
pistil containing the tubes in such a 
way that their course can be traced 
under the microscope. The difficul- 
ty of doing this must be very great, 
as any person who uses the micro- 
scope will readily understand. It is 
not strange, therefore, that there 
should be some differences of opinion 
among botanists as to the course of 
Ac pollen-tubes. 
^\Tiile some maintain that they 
penetrate the stigma, and pass down 
through the style until they reach the 
o^Tiles, others assert that this is not 
Proved. Mr. Kruttschnitt, of New 
(Orleans, whose articles on this sub- 
ject deserve attention from botanists, 
^^s tried in vain to follow the pollen- 
^fees down to the ovary in any plant. 
^f has, therefore, concluded that fer- 
tilization does not take place in the 
^ay usually taught in the books. 

From what Mr. Kruttschnitt has 
'written to us privately, we are in- 
clined to think he has received but 
'ittle encouragement in his work from 
eminent botanists. Surely, it is an 
'Important subject, and no one who 
reads what Mr. Kruttschnitt has writ- 
ten can deny that he has good rea- 
sons for rejecting the opinion now 
prevailing among botanists. Is it 
possible that some of our eminent 
Dotanists do not care to learn the 
truth of this matter ? For our own 
part, we trust Mr. Kruttschnitt will 
continue his investigations. We 
would also commend the subject to 
"\icroscopists generally as one worthy 
^f their study, and which will put 
^neir skill in making their sections to 
^ good test. 



The Cortex of Char a. — The 
April number of the Bulletin of the 
Torrey Botanical Club contains a valu- 
able contribution on the "Develop- 
ment of the Cortex in Chara," by Dr. 
T. F. Allen, of this city, who is well- 
known as a student of the Characese. 
According to the present most ap- 
proved system, the classification of 
these plants is based upon a knowl- 
edge of their morphological charac- 
teristics. The study of the develop- 
ment of the Cortex, and of the rela- 
tions of nodal cells is, therefore, im- 
portant and of great use to the bota- 
nist. Dr. Allen has given a very full 
account of the most notable charac- 
teristics of the cortex in many species, 
with illustrations on seven plates, one 
of which is printed in color. The 
manner in which the cortex and the 
leaves develop from the circlet of 
cells about the node, is very clearly 
explained, and although at best the 
structure of the cortex has always 
seemed to us difficult of comprehen- 
sion by any person who has not stud- 
ied the plants themselves, we are in- 
clined to regard this article of Dr. 
Allen as affording a better idea of the 
matter than any other we have seen. 



o 

The American Society of Mi- 
CROscopiSTs. — We have received a 
letter from Dr. Gleason, of Elmira, 
in which he refers to the coming meet- 
ing of the American Society of Mi- 
croscopists, to be held in that city 
next August, as promising to be a 
large and interesting meeting. No 
doubt it will be, if the efforts of an 
active and well-known local society 
will suffice to accomplish such a re- 
sult. We are confident that no pains 
will be spared for the good entertain- 
ment of guests, and that all who at- 
tend the meeting will be pleased with 
the arrangements and the subjects 
discussed. 

The President of the Society, Dr. 
Blackham, of Buffalo, has issued a 
circular giving such information as 
those who intend to be present at the 
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meeting should have. Committees 
are to report on eye-pieces, on revi- 
sion of the constitution, and on " the 
question of a quarterly journal." We 
trust the report on eye-pieces will be 
carefully prepared. That committee 
has a work of responsibility in charge, 
and while a thoroughly sensible re- 
port on the subject may result in 
much benefit, a hasty, ill-considered 
report will do more harm than good. 

It is to be hoped that the consti- 
tution of the Society will be satisfac- 
torily arranged this year, 

o 

Physicians as Microscopists. — 
The Medical Register does not agree 
with the opinions expressed some 
time ago in these columns, as regards 
the ** lamentable ignorance concern- 
ing the microscope among" physi- 
cians. The writer attempts to refute 
our conclusions by stating that the 
best books we have on microscopy are 
written by physicians. The ques- 
tion is not of who writes the books, 
but who reads them. Is the entire 
medical profession to bolster itself up 
in this matter, because half-a-dozen 
of its members are eminent micro- 
scopists ? 

Why should not the Medical Regis- 
ter admit the fact, which almost every- 
body knows, that medical education 
in this country is, in most institutions, 
a mere farce. Instead of flattering 
its readers into good humor, by tell- 
ing them they are pretty good fellows 
after all, and can rely upon Beale 
and Carpenter and half-a-dozen others 
to keep up the credit of the profes- 
sion as microscopists, why not " pitch 
into " the medical colleges and make 
them teach histology with micro- 
scopes, and thus try to do some good 
in the world ? 

We have to thank the Buffalo Medi- 
cal and Surgical Journal for a very 
courteous notice of our paper. We 
would be glad to know that it was as 
well appreciated by the medical press 
in general. 

o 

Double Staining of Blood-cor- 
puscles. — We have already called at- 



tention to the fine slides of double- 
stained blood-corpuscles prepared by 
Dr. Allen Y. Moore, which were shown 
to us by Mr. Woolman. The preparer 
has now given his process in The Mi- 
croscope, and a gorgeously colorej 
plate, showing several kinds of bloodi 
corpuscles stained, accompanies the 
article. In brief the process is as fol- 
lows: The blood is evenly spread in' 
a thin film on the slide, and dried, in 
the usual manner. It is then cov- 
ered with a solution containing eosin 
5 grains, water 4 drachms, alcohol 4 
drachms. In about three minutes 
this is washed off in a glass of water, 
and without drying a solution con- 
taining methyl-green 5 grains, and i 
ounce of water is flowed over the slide. 
In about two minutes the slide is 
washed, dried, and the corpuscles 
preserved in Canada balsam. 



-o 



Staining Bacteria. — Dr. Ehr- 
lich, assistant of Prof. Koch, has 
devised a method of staining the 
bacteria of tubercle, which is said to 
be much superior to that of Koch, 
who has has himself adopted it. 

The bacteria of tubercle, like all 
micro-organisms, are stained by ani- 
lin colors. Koch employed an alkali 
— caustic potash — to penetrate the 
cellulose coat of the bacteria, but as 
this alkali-acts strongly upon various 
histological elements, and also upon 
the bacteria, Ehrlich has used as a 
substitute for it phenylamine, or ani- 
lin (anilin-oil). 

A solution of phenylamine in water 
is prepared, and a saturated solution 
of fuchsin, or methyl-violet, is added 
to it until a slight opalescence is pro- 
duced. The material to be stained 
is dried on the cover-glass and then 
stained by the solution, which re- 
quires about a quarter of an hour. 
The entire specimen is thus stained 
intensely. To demonstrate the bac- 
teria, the color is discharged from 
parts of the preparation by acid. 
Nitric acid diluted with twice its 
volume of water is used. 
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The Salmon Disease. — Prof. 
Huxley contributed an important 
paper to the Royal Society a few 
months ago, on The Salmon Disease. 
In certain rivers the fishes are affect- 
ed by an epidemic disease, which 
manifests itself in white patches up- 
on the fish where there are no scales. 
As the fungus grows, a sore forms 
which may extend to the bone. 

The fungus is a SaproUgnm pro- 
bably S. feraxy b\it of this there is 
no proof. The zoospores from this 
fungus were never observed ciliated 
ad motile ; but they are exceedingly 
minute, and become rapidly dissemi- 
Mted. They are produced in great 
numbers— a single fly infected with 
the fungus may bear i,ooo fruiting 
fi)T)hae, which, in one day may pro- 
duce 40,000 zoospores. 

The hyphae seem to not only 
^averse the epidermis of the fish, but 
also to bore through the superficial 
'ayers of the derma. The epidermis 
luntirely destroyed. 

Tbe only method of preventing 
^^^ spread of this fungus among 

'salmon, is to remove every infected 

^slifrom the stream, though it may 

"ot be worth while to adopt this 
'^f^od in practice. Although sea- 
"^ater kills the fungus when it comes 
'fl contact with it, if the latter has 
penetrated the derma the fish may 
P to the sea and recover from its 
attack, but on returning to fresh- 
*2ter, the disease may break out 
^gam from the hyphae in the derma. 

NOTES. 



th^ local committee having charge of 

tne arrangements for the meeting of the 

Anierican Society of Microscopists to be 

jj^'d in Elmira, beginning August 1 5th, 

^vebeen appointed, and are busy in pre- 

P^ng for the meeting. 

^^r. C. N. Shipman is Chairman of the 

I ^^ception Committee. The Secretary of 

I ^e local society is Dr. T. S. Up de Graff. 

—The bacillus of leprosy, which has 

^^en described by several authors, but 

^^ncerning the existence of which there is 

^^^e dispute, has been found by Dr. I. 



Hermann, of Baltimore, who describes his 
method of examination in an article which 
s illustrated by a cut — published in^r- 
chives of Medicine, 

The author believes that others have 
failed to find the Bacillus lepra because 
they have not adopted the proper meth- 
ods of staining the leprous tissues. The ' 
article should be reaa by those who are 
engaged in the study of bacteria in tissues. 

— Mr. Vorce informs us that the new 
Bausch and Lomb \ and ^nch objectives, 
which, it is claimed will resolve 152,000 
lines to the inch, •• easily resolves the bal- 
sam Amphipieura pellucida with mirror 
exactly central, using sunlight and no con- 
denser." He says, " the resolution is got 
instantaneously, as easily and as auickly 
as V-inch resolves Navicula lyra* 

— A very interesting article on "The 
Structure and Division of the Vegetable 
Cell " was published in the March num- 
ber of the " Journal of Quekett 'Microsco- 
pical Club." by W. H. Gilbert, F. R. M. S. 
There is a plate illustrating the process of 
division. It is a most excellent article for 
botanists to study. 

CORRESPONDENCE. 

To THE Editor: 

I wish to enquire through the columns 
of your Journal, if the " stephanoceros" 
is plentifully found in this country? If 
any of your readers can inform me through 
the columns of your Journal, they will 
greatly oblige 

H. H. Davison. 



To THE Editor:— Will you have the 
kindness to inform me what are the best 
media for mounting plant-hairs and 
glands; also micro-fung^, stating best 
method of preparing these objects for 
mounting.^ Many of the micro-fungi are 
upon leaves. 

E. P. 

[Plant-hairs may sometimes be mount- 
ed in balsam, especially those which are 
displayed well with the polariscope ; but 
in most cases glycerin-jelly will be found 
more suitable. The-leaf glands are usu- 
ally best seen when the specimens are 
stained and mounted in balsam. The 
minute fungi on leaves will probably he 
seen best in opaque specimens, mounted 
dry. 

We can hardly give satisfactory directions 
for preparing the specimens in this place. 
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but if oUr correspondent desires informa- 
tion about any particular one we will en- 
deavor to, indicate the proper course.— 
Ed.] 



MICROSCOPICAL SOCIETIES 



At a meeting of the Microscopical Sec- 
tion of the Academy of Natural 
Sciences, of Philadelphia, held May tst. 
Mr. Edward Potts spoke on the fresh- 
water sponges and their classification. 

By the use of a number of excellent in- 
struments kindly provided by the mem- 
bers of the Section, Mr. Potts was enabled 
to exhibit a collection of fresh-water 
sponges, unique in the possession of 
many new species never before exhibited. 
Cabinet specimens in boxes, knd othei-s 
prepared for microscopic examination 
were shown, covering all the recognized 
genera of this group of organisms, and 
probably a majority of all species yet 
described. 

Mr. Potts began his remarks by saying, 
that the classification of sponges had been 
very imperfect in most respects, excepting 
the lime sponges, which are marine, al- 
though it is not at all improbable that fresh- 
water lime sponges will yet be discovered. 
The fresh-water sponges so far as known 
at present, are silicious. They merge into 
the keratose or fibrous variety. The 
spicules are held together by sarcode. 
The essential difference between fresh- 
water and marine sponges is that the 
latter are reproduced by eggs, but egg^s' of 
the former, have not been found. The 
reproduction is by statospheres or se^d 
bodies — formed at different times, some- 
times early, sometimes late. Many of 
the Spongilla are branched, others are 
simply a film upon stones, etc. 

Until very recently, the fresh-water 
sponges have been grouped under the 
single genus Spongilla, In the spring of 
the year 1881, however, Mr. Carter re- 
visecl their classification, and arranged 
them under five generic heads, three of 
which are found to have numerous re- 
presentations in this country; and two 
others apparently peculiar to North 
America have been added. 

This classification is based upon the 
characteristics of what may be called the 
third class of spicules, or those pertaining 
to the statospheres or winter eggs of the 
sponges. The genera may named and 
briefly described as follows : — 

/. spongilla, — Spicules of the stato- 



sphere acerate (needle shaped), straight or 
curved, smooth or spined, lying upon the 
chitinous coat. 

2, Meyenia, — Spicules birotulate, that 
is, consisting of two wheels or disks, con- 
nected at their centres by a short shaft. 

j». Meter omeyenia. — Spicules in two 
series, one of which resembles that of the 
last genus; the other is composed of 
interspersed spicules fewer in number and 
about twice the length of the former; 
generally terminated by strong, recurved 
hooks. ^ 

4. Tubella, — Spicules inequibirotulate, 
the outer rotule, or disk, having been re- 
duted to a ffaetion of thfe diameter of the 
other. 

5. Parmula, — In this the outer disk 
has become entirely eliminated, leaving^ 
the spicules to appear as a series of cones 
terminated by sharp points. 

6' Carter ella, — The form of the spicules 
in this would place the species amongst 
the meyenia, but there is superadded a 
feature not yet observed in connection 
with any sponge of the old world, which 
demands for it a distinct generic posi- 
tion. This is the possession of a number 
of cirrous appendages resembling long, 
curling or twisted tendrils, which are ex- 
tensions of the chitinous coat of the 
statospheres, mostly from the neighbor- 
hood of the foraminal aperture. 

The remaining genus can hardly be 
said to be well defined, as no statospheres. 
have yet been discovered. 

Mr. J. O. Schimmel then exhibited a 
slide containing the flower of Crysjspk- 
nium Americana, 

This delicate flower which is apparently 
devoid of beauty, when v iewed by 
the microscope, presents one of the most 
interesting and beautiful objects that can 
be shown. 

Mr. Jacob Binder, exhibited four speci- 
mens of the legs of beetles belonging to 
two genera of the Coleoptera, Dytiscus 
marginalis, and Arcelius mediatis from 
the Hammondton ponds of New Jersey, 
and Arcelius fraternus^ a European 
species. 

These objects were intended to show the 
formation of the suckine-cups, found up- 
on the forelegs of the different varieties. 
They are only upon the forelegs, except 
in the case of the Dytiscus marginalise 
where they are also found upon the mid- 
dle legs in a ,less developed condition. 
These suckers are sufficiently destinctive 
in their character to assist the ento- 
mologist in their classification. 
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The function of these oi^ans seems to 
be to facilitate the males in adhering to 
the female during sexual intercourse. 

Mr. Binder, called the attention of the 
members particulariy to objects of this 
kind not that he claimed a new discovery, 
but because they are so easily obtained 
and requiring very little skill in their pre- 
paration. Microscopical specimens of 
rare beauty, interest, and instruction can 
be obtained. The suckers are not the 
only objects of interest to be found upon 
the beetles. By dissection, the spiracles 
and the branchial trachea of tne res- 
piratory apparatus can be shown, and 
when these objects are made sufficiently 
transparent, it is possible to show the 
tracheal tubes within the boring case of 
k legs surrounded by their delicate 
spiral covering. 

At a meeting of the New York Mi- 
croscopical Society, held May Idth, 
ihe subject of " Illumination of Micro- 
scopic Objects" was discussed. The 
President, Mr. Braman, opened the sub- 
ject by stating the importance in micro- 
topical investigation of careful attention 
to the intensity and direction of the 
illumination. Mr. Hitchcock, was then 
^ed upon to speak on the subject. 
Mmng to some remarks of the Presi- 
'ienUe sUted that the best objectives 
for the study of bacteria, were not neces- 
arilvJcnscs of excessive aperture. The 
Ma of Bacterium were discovered by 
"J Powell & Lealand, wide-angled yi, but 
a/terward seen by the same observer with 
^iVof moderate angular aperture. He 
stated that the difficulty of defining such 
'^^[anisms as bacteria was mainly in the 
proper adjustment of the light; not so 
■^uch due to imperfections in the objec- 
tive, as to the manipulation. The secret 
in defining bacteria was to have light of 
sufficient intensity condensed upon the 
exact point where it is most effective. He 
stated that there was a very simple and 
interesting problem, which has puzzled 
•nany microscopists of late, to which he 
*ould call attention by the aid of a dia- 
gram on the black-board, and endeavor 
to explain without the aid of mathematics. 
It is, perhaps, not easy to understand how 
the immersion-fluid affects the resolving 
power of a lens, while it does not change 
the angular magnitude of the cone of 
light. It is clear that with a front-lens % 
of an inch in diameter, with a g^ven work- 
ing-distance, the angle included between 
the focal point and the extremities of the 
diameter of the lens, will be the same, 



whether in air or water, or any other 
medium. The angular magnitude is al- 
ways the same, but by the interposition of 
a medium denser, than air in front of the 
objective, some of the rays which in air 
passed outside of the angle, and which 
therefore could not enter the objective, 
are refracted so as to reach the front lens. 
Hence a greater number of rays enter the 
lens, although the angular magnitude 
remains the same. The illumination is, 
therefore, better, and the resolving power 
is increased, since the wave-lengths are 
shortened by the denser medium. 

Numerical-aperture indicates the rela- 
tion between focal length and aperture. 
It also indicates the resolving power of 
an objective in a very simple way. Tak- 
ing the wave-length of green light as 
T»i«« t^c resolving power in lines to the 
inch is given by the product of the 
numerical aperture multiplied by 1,000,000 
(n, a. X 1.000,000). 

Mr. William Wales, being called upon, 
said that it was the aim of the optician to 
constantly improve his objectives, and it 
remains for microscopists to determine 
what they will do. While microscopists 
are constantly demanding better lenses, it 
should be known that great skill is re- 
quired to obtain the best results with the 
lenses that are produced. He made a 
lens long ago that would resolve the A, 
peilucida, but it was two years before the 
resolution was effected, because proper 
manipulation was wanted. 

Mr. Dinwiddle, showed a specimen of 
"Peley's hair," a volcanic product from 
the Hawaiian Islands, which he stated to 
be full of elongated cavities, and crystals. 

Mr. Kunz, made some remarks about 
a similar product from blast-furnace slag. 

Mr. Balen, showed some pond-life, 
Plumatellat newt tad-poles, etc. 



NOTICES OF BOOKS. 



Sea Mosses a Collector* i Guide and an 
Introduction to the Study of Marine 
Algce. By A. B. Hervey, A. M. Bos- 
ton: S. E. Cassino, 1881. (Pp. 281, 
and 20 colored plates). 

The author of this book is well known 
to the microscopists of the country as a 
graceful speaker and writer, as well as an 
enthusiastic student of the algae. In the 
Introduction he declares his purpose in 
writing it, to be to afford a ** convenient 
and competent g^ide" for beginners in 
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this study. Careful reading will convince 
any person that he has succeeded most 
admirably. No one could write a book 
like this, without a thorough knowledge 
of the subject* and a sincere interest in 
the work, such as Mr. Hervey certainly 
possesses. 

In the Introduction, is given ad\ice 
about collecting and preserving specimens 
of marine algae, and arranging them for 
the herbarium, with other useful informa- 
tion. The succeeding chapters relate to 
the study of the plants. Each chapter 
opens with a " key to the genera," and 
the species are then fully described in 
plain language^ without the use of scienti- 
fic terms. Each plate represents a char- 
acteristic species of the >^enus in the 
natural color of pressed specimens, many 
of which will be instantly recognized by 
those in the least familiar with our most 
common forms. No attempt is made to 
carry the information beyond what the 
amateur collector requires for naming the 
specimens that may be found, but there 
is sufficient for this purpose. The book 
will surely be the constant companion of 
a large number of people who visit the 
sea-shore this summer, and it will well 
repay careful perusal. It is not saying too 
mucn to add that it is one of the very few 
books designed to make scientific studies 
popular and attractive, that fulfills their 
purpose well. No reader of this JOURNAL 
should visit the sea-shore, without a copy 
of this book. It is written in a good 
style, is well printed and the binding is 
artistic. 

Civilization in its Relation to the Decay 
of the Teeth. By Norman W. Kings- 
ley, M. D. S., D. D. S., etc.. etc. New 
York : D. Appleton and Company. 
(Pamphlet, pp. 10.) 

A concise and clear statement of specu- 
lative and fallacious ideas concerning the 
increased decay of teeth prevailing in 
later generations. After stating and con- 
tradicting these theories, he shows how 
the effects of refined and luxurious life in 
the strain of mental labors upon the 
nervous system, diverts the nutrition of 
the body to repair waste of nervous tis- 
sues, and fails to build up muscular or 
dental growth, or to sustain it. Hence 
nervous diseases and " caries " are greatly 
upon the increase. Proper nutrition be- 
ing withdrawn,t eeth are more susceptible 
to external agencies ; and for the same 
cause, new generations inherit an enervat- 
ed condition, which includes poorly 



organized teeth. The remedy lies in 
lessening care and anxiety, in giving 
more attention to hygiene and habits of 
living. To sum up; the secret of ner- 
vous exhaustion and teeth-decay, lies 
not in work but in worry. 

E. C ri. 



Exchanges. 

[Exchanges are inserted in this column without 
charge. They will be strictly limited to mounted 
objects, and material for mounting.] ' 

On receipt of a well-mounted slide, I will send a 
slide of crystal, (for the polarizer) of any of the nire 
vegetable products whicn I may have ; will &end list 
of same on receipt of postal request. 

J. KETCHUM, Jr., 
P. O. Box 877, New York City. 



Wanted. — Animal parasites, Ixodes, Acari, etc., 
either mounted or unmounted. W. A. HYSLOP, 
33 Palmers^n Place, Edinburg, Scotland. 



Mounted slides of Selenites for the Polariscope, in 
most beautiful and brilliant colors, in exchange for 
first-class Histological and Pathological slides and 
slides of diatoms, algae, etc., 

A. C. GOTTSCHALK, 
106 North Salina Street, Syracuse, N. Y. 



Unmounted objects, Foraminifera, Spicules, Plant- 
hairs, Zoophytes, etc., in exchange for other objects, 
mounted or unmounted. 

E. PINCKNEY, Dixon, III. 



Wanted — First-class mounts of double-stain vege- 
table preparations in exchange for first-class insect 
preparations. H.S.WOOD MAN, ^ 

P. O. Box 87, Brooklyn, E. D., N. V. 



Wanted — First-class prepared and crude material, '^ 
mounted- object!*, in exchange for diatoms insii»<x 
other first-class crude material, or for mounted objectt. 
M. A. BOOTH, Longmeadow, Mass. 



Niagara River Filterings for mounted slides. 

H. POOLE, Buffalo, N.V. 



I Wanted — Good gatherings of Diatoms, fossil or re- 
cent, especially of test forms. Liberal exchange in tine 
slides ; prepared or rough material. Lists exchanged. 
C. L. PETICOLAS, 635 8th Street, Richmond,Va. 

I Good, uncleaned Diatomaceous material containing 
: A rachnoidiscus^ Heliopelta^ Pleurosigma^ Istkmta. 
Triceraiiumy Surireila gemma and Terpsinoa 
musica wanted, in exchange for well-mounted slides 
of arranged diatoms, etc., or cash. ^, ,, 

DANIEL G. FORT, Oswego, N. Y. 



Well-mounted Histological and Pathological sHd-«i 
in exchange for o^^r first-class slides, , _, 

LEWIS M. EASTMAN, M. D^ 
349 Lexington Street, Baltimore, iwa- 



For exchange : Mounted thin sections of whale- 
bone, soapstone, serpentine, aibite, feldspar, c m 
also opaque mounts of several very beautiful tos- 
ferous limestones, ., 

Rev. E. A. PERRY, Quincy, Ma>>. 
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The Protista.* 

BY E. HXCKEL. 

A good negative criterion to char- 
acterize the protista as regards ani- 
mals and vegetals, is that they pos- 
sess neither a gastrula with its two 
genninative layers, like the former, 
nor a thallus or prothallium, like the 
the second. It may be added that 
the protista never have veritable tis- 
sues (constituted by a large number 
of associated cellules) nor organs, 
like all animals and vegetals. Finally, 
it is particularly necessary to note 
that the great majority of all the pro- 
tista are produced by asexual genera- 
tion (scissiparity, budding, spores). 
Even among the small number of pro- 
tista which have already attained to 
^e most simple form of sexual gene- 
ration, there never exists between the 
inale and female a distinction so 
marked as among the animals and 
the vegetals. In this regard they are 
the representatives of the earliest de- 
gree of inferior development which 
existed prior to the evolution of 
plants and animals. 

If we knew exactly how organic life 
developed from its origin upon our 
planet, how the animals, the protista 
and the vegetals appeared for the 
first time, we might form a clear 
and certain judgment upon the rela- 
tions between the three realms. But 
the path which conducts us to the 
immediate knowledge of this great 
problem is eternally closed to us. No 
living creature, no document of crea- 
tion, can relate to us how, millions 
and millions of years ago, life devel- 

*Abstract, translated for this Journal from 
the French, ^our. de Phot et de Micr, 



Oped. Thousands of species and 
genera, millions of generations, have 
fallen into the abyss without having 
left the slightest trace of their exist- 
ence. And precisely the more im- 
portant for us of all these creatures, 
the forms most ancient and the most 
elementary, have left no fossils, their 
bodies being destitute of hard parts. 
But, if we cannot, by the experi- 
mental method, attain any knowledge 
of this great question of origin, it is 
permitted us here, as in other cases, 
to fill the irremediable lacunes of our 
science by scientific hypotheses. If 
that " historical hypothesis '* is found- 
ed upon facts that science has hither- 
to established, it is as firm, as justified 
in natural history, as it would be in 
^ geology, archaeology, in the history of 
civilization, or in any other historical 
science. And as the hypotheses 
generally recognized have conducted 
us to a satisfactory understanding of 
the development of our globe, so the 
phylogenetic hypotheses which are 
based upon the theory of descent re- 
formed by Darwin, explain the devel- 
opment of organic life upon the earth. 
We cannot dwell upon the examina- 
tion and the proofs of all the divers 
phylogentic hypotheses which have 
been proposed to explain this develop- 
ment. We will consider at least one 
idea which to-day seems to have 
great probability. One must admit 
that life began upon this planet by the 
spontaneous formation of the most 
simple protista at the bottom of the 
combinations of inorganic matter. 
These living creatures, of antiquity so 
great, must have resembled the 
moners which exist to-day, exceed- 
ingly simple masses of protoplasm 
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without the least organization. From 
them have been formed, by the dif- 
ferentiation of an ^intestine in ^the in- 
terior, unicellular protista, cellule 
of elementary simplicity, amorphous 
and indifferent, resembling the am- 
cebae. Some of these unicellular 
protista being possessed of social in- 
clinations, are accustomed to live 
united in small colonies; the earliest 
polycellular organisms appeared first 
as simple cellular aggregations, asso- 
ciations of homogeneous cellules 
united by very lax bonds. It is, in- 
deed, probable, that these very an- 
cient beginnings of the evolution of 
organic life were repeated in many 
diSerent parts of the earth, then in 
its youth, at the same time and in an 
independent manner. In this way di- 
vers, and it may be many, varieties 
of protista may have been born iso- 
lated from each other, first unicellu- 
lar, afterwards polycellular. Owing 
to the struggle for existence, which 
began even among the protista with 
the aurora of life, these creatures ad- 
vanced, little by little, to a superior 
grade of differentiation and perfec- 
tion. The most important advance 
was indisputably the reciprocal sepa- 
ration of the vital processes of ani- 
mals and plants. Among these pro- 
tista, some began to adopt themselves 
to a mode of living which has become 
that of animals, others to a kind of 
existence which is that of vegetals, 
and the characteristic form of the 
bodies of these creatures resulted 
from these adaptations. A third group 
of protista, a conservative group, 
maintained its original neutral char- 
acter. While these divers adapta- 
tions were becoming fixed in the 
course of centuries by heredity, the 
three grand organic kingdoms were 
completing their development. 



-o- 



Ernst Gundlach's Substage Re- 
fractor. 

This apparatus, which is designed 
for the measurement of the angular 
apertures of wide-angled objectives. 



consists of a small crown-glass cube 
with sides of about -^ of an inch. 
One of its surfaces is made opaque, 
the one opposite to this, and also the 
two others opposite each other, are 
polished. The cube is made to ad- 
here, by means of a suitable homoge- 
neous medium, to the front surface of 
the objective the angular aperture of 
which is to be determined, by the pol- 
ished surface opposite the opaque 
side. Then .a ray of light must enter 
each of the polished side surfaces in 
the plane described by the optical 
axis of the objective and a line 
perpendicular to those polished sur- 
faces, and at such angular inclina- 
tion to the optical axis that it 
will pass through the objective close 
at the edge of its aperture, and emerge 
from it in the direction of the optical 
axis. 

The angle described by the refrac- 
ted rays inside of the crown-glass 
cube, is equal to the crown-glass an- 
gle of aperture of the objective and is: 

a 
cos. ft = cos. 

r 

a being half the angle described by 
the two light-rays before entering the 
crown-glass cube, r the refractive in- 
dex of the crown-glass, of which tk 
cube is made, n the crown-glass an- 
gle of the objective. 




Fig. 85. 

The accompanying diagram may 
serve to make the principle more 
easily understood: c is the front lens 
of the objective; d the crown-glass 
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cube; k the opaque surface; d h and 
ti are the light-rays that enter the 
glass cube at h and i. These rays are 
refracted in the direction of /a and 
^j, pass through the objective close 
at the edge of its aperture, and emerge 
from it in the direction of the optical 
axis; then / a g is the crown-glass 
angie of the obfective. 



I 



Life-bistories and their Lessons. 

BY THE REV. W. H. DALLLINGER, 

x*R»S*a F*R«H<S« 

[The Northern Microscopist of July 
bas an article with the above title, by 
the Rev. W. H. Dallinger, F.R S., F. 
R.M.S., which is to be continued in 
the August number. The article is 
too long for reproduction in these 
columns, and it requires the use of 
plates. The reader who desires to 
follow the observations described by 
Mr. Dallinger, is referred to the origi- 
nal, but all will be interested in the 
ttiroductory remarks, which we re- 

pnat below. — Ed.] 

This paper is extremely simple in 
>^ aim. It was written (with no in- 
fention to publish) at the request and 
^the interests of a large number of 
oiicroscopists and amateur students 
of the phenomena of life, as seen in 
the flora and fauna of our ponds, 
ditches, and sea-side, as well as in 
septic fluids. Some industrious ob- 
servers amongst them had, from a de- 
sultory method of observation, of ne- 
cessity, met with paradoxical phe- 
nomena. The products of pond and 
ditch were placed for an indefinite 
time in "live boxes," kept as long as 
possilte from evaporation. The re- 
sults were the inevitable commingling 
of life and death; the destruction or 
decomposition of one set of forms 
providing nidus and pabulum for quite 
another. In all probability the life- 
histories of none were really known, 
and parasite, epiphyte and septic or- 
ganisms succeeded, or were concur- 
rent with, each other. The possibility 
of erroneous interpretation in such a 



case is immense, specially when the 
'' observation " is broken and occa- 
sional. The result has been, that ar- 
dent minds have endeavored to show 
that some of the issues observed were 
only to be accounted for on the hy- 
pothesis of '' Heterogenesis." 

Some of the cases appeared strik- 
ing; and at the instance of a large 
number, who thought good service 
might be rendered by it, I have taken 
a series of similar or corresponding 
instances to interpret the anomalies, 
and show that " Heterogenesis " is no 
part of the phenomena of minute life 
when studied with sufficient care and 
continuity. It is in deference alone 
to the strongly-urged request of these 
that the discourse is printed. 

We have, frequently, during the 
past few years, had our attention 
called to apparent anomalies in min- 
ute organic forms and minute organic 
processes. • In these, besides the por- 
traiture of what were considered the 
" facts," there has been an attempt 
made to show that along the border 
and margin where life manifests itself 
on this earth, amongst its minutest 
developments and least organized 
products, there is uncertainty of de- 
velopmental action: — either no law at 
all, or if there be law, that we are 
wholly without knowledge as to its 
character; and that it must be unlike 
the laws which we know are in con- 
stant and unvarying operation where 
our knowledge of vital processes is 
absolute and complete. 

Now, it must be remembered that 
by the modem microscope a realm of 
life and organization is opened to us 
almost infinite in its extent and vari- 
ety; and increased optical power, in- 
stead of exhausting, only widens out, 
intensifies, and renders it more en- 
trancing. But as it required the aid 
of moderate lenses to understand ex- 
haustively the mode of life and meth- 
ods of growth of an oak tree — large 
as it is— so it must require the mag- 
nifying power of our most perfect and 
powerful object-glasses to discover 
the modes of life, methods of meta- 
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morphosis, and manner of origin, of 
the immeasurably lesser forms, which 
are not seen at all until the lens need- 
ful to discover the germination of an 
oak tree is used. As we pass down- 
ward, we come to less and still lesser 
forms, all equally endowed for, and 
adapted to, their environments. But 
as we come to the more and the most 
minute of the organic forms in nature 
at present discoverable by us, we 
come upon forms that multiply with 
inconceivable rapidity; many of 
them will, by one process of multipli- 
cation alone, produce, in the course 
of three hours, as many individuals 
as there are human inhabitants on 
the surface of this earth; and in a 
paper read only a few days ago, in 
the French Academy of Science, M. 
Pasteur, proposing to destroy Phyl- 
loxera by fungoid growths, said: "The 
extraordinary multiplication of Phyl- 
loxera is a mere tride compared with 
the power of life and propagation of 
certain parasites. The Hall of the 
Academy of Science ... is pretty 
large: it has hundreds of cubic me- 
tres of capacity. I would undertake," 
said Pasteur, " to fill it with a liquid 
of such a nature, that by sowing in it 
a microscopic organism, the whole of 
the immense vessel would in a few 
hours, be troubled with the presence of 
the parasite, and in such great abun- 
dance, that all the Phylloxeras in the 
world, compared in numbers to the 
individuals of the parasite, would be 
like a drop of water in the sea." But 
their modes of multiplication, in their 
completeness, are either defiantly be- 
yond our present powers of research, 
or if here and there known at all, they 
have to be very patiently, persistent- 
ly, and with the highest powers of the 
microscope worked out. 

Now, whoever engages in this work 
will learn many things indicative of 
caution, and will be slow indeed to 
make hasty inferences. 

There happens to be, however, a 
fine army of such workers in the 
world just now; men who, with all 
the necessary mental endowments and 



training, are, with the most splen 
did lenses the world can produce 
working amongst the mazes of thi 
wonderful margin and edge of livinj 
things. They are trying to individ 
ualize the components of the appa 
rently confused mass, and make ou 
the life-histories of the minutest c 
living things. And they are slowl 
succeeding. Life-history after life 
history is being drawn by resolve aiK 
patience from the depths of the con 
fusion: — and with what result ? Ever 
where, where the work has been ex 
haustively done, with the affirmatioi 
that biological processes amongst th 
least and lowest living things ar 
as orderly rigid, and within certai 
limits as capable of predication, a 
amongst the butterflies or the ento 
mostraca. 

There are men, forever workin 
amongst the forms of life, similar tc 
or identical with, those brought be 
fore us in the papers the inference 
of which I seek to controvert. Bi| 
they use far higher magnifying po\i 
er, and pursue another method of n 
search essentially exact ; do the 
reach the same results ? Do they in 
fer that one form of minute life ma 
transform itself into another ? Thi 
the protoplasm from a cell of Chan 
or Nitella may become, of its own ca 
price, or by some hidden law, an( 
without the intervention of parent c 
egg, a Paramaecian ? 

Verily, no ! The testimony of Ba 
biani, Pasteur, Van Beneden, Biitsch! 
Fol, Hackel, Huxley, Pelletan, Ai 
Gray, Louis Agassiz, H. J. Clark 
W. Roberts, Balfour, Ray Lankeste 
Ewart, and a host of others is unar 
mous — and it is this — that wherev 
we work out a minute life-histo 
thoroughly, we come upon as order 
a process of nature as in the develo 
ment of a frog or the growth, fro 
its fertilized germ, of a primrose. 

All this of course is no reason wl 
others should not find what is, 
what seems to be, uncertainty or c 
price in the lower strata of vital actic 
in nature. Only that they should c 
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so, implies a method of research in- 
conceivably higher and more analy- 
tical, than that adopted by these lead- 
ers of research in minute biology; or 
else it can be explained as error aris- 
ing from a method not competent to 
cope with the conditions of the pro- 
blem. 

Approach the question of vital ac- 
tion as displayed by protoplasam 
fairly. What is that in nature which, 
above all things, impresses us as we 
study the phenomena, and the results, 
of her countless cycles of activity ? 
The stability of her processes; and 
the mathematical precision of her ac- 
tion. Does any one doubt the invari- 
able and inviolable nature of the laws 
tbat control chemical combination 
^d physical phenomena ? Would any 
amount of paradox or perplexity that 
{i^ight arise in complex experiment 
induce a man to believe that the pro- 
portions of carbon and oxygen which 
constitute carbonic acid are uncer- 
^n and capricious ? or that the com- 
feing proportions of oxygen and 
byiiiogen are very uncertain in the 
S)T)tlietic production of water ? 
^^you heat a bar of platinum under 
certain fixed conditions, on two fol- 
lowing days, you do not expect that 
'twill indicate different powers of ex- 
pansion, or melt at a lower tempera- 
ture to-day than yesterday. A given 
Diusical note will depend on the same 
number of vibrations tomorrow as 
to-day. 

Yes. But it may be said all this 
applies to the inorganic world. Is it 
true of that which lives? Properly 
understood, I profoundly believe it is. 

}Vhat do we know of life? Only 
this with certainty: — that wherever 
you have life it is inherent in a defi- 
nite compound. This compound has 
special and unique properties. But 
wherever you find it as protoplasm in 
tne sense in which I use that word, it 
exhibits the properties of life, and 
you will nowhere find the properties 
oi life except associated with, and in- 
l^erent in, protoplasm. 

Now, has this protoplasm an ascer- 



tainable composition ? Yes; you can 
analyze it chemically — that is when 
it is dead — and it is found that its 
chemical elements are everywhere 
practically alike. To say that the life- 
stuff of the lowest fungus, and that of 
the most powerful human brain, are 
identical, is, there is no doubt, in some 
sense, absurd; it is abuse of language; 
they, without question, differ incon- 
ceivably. But if you consider only 
the chemical composition, and dis- 
coverable physical properties of pro- 
toplasm from a mildew, or protoplasm 
from the apparatus of human thought, 
they are alike. Their difference is 
potential and not physically manifest. 
Then we may ask, *'How, and in 
what, do matter living and matter not 
living differ ?" In their properties— 
and in these they differ as the finite 
and the infinite differ — absolute and 
wholly. We may not dwell upon 
what they are; but we may add that 
even the chemical reactions of living 
protoplasm are quite different from 
those of the substance which repre- 
resents the protoplasm, when its life 
is gone. 

Professor Huxley writes concerning 
protoplasm thus: — " The properties of 
living matter distinguish it absolutely 
from all other kinds of things; and," 
he continues, **the present state of 
our knowledge furnishes us with no 
link between the living and the not 
living."* 

Then, so far as the evidence will 
carry us, there is to-day in our labor- 
atories, and in our facts from nature, 
no evidence of the existence of spon- 
taneous generation — no phenomena 
that prove, or even suggest, that what 
is not living can, without the inter- 
vention of living things, change itself 
into that which lives. 

The masters of biology agree that 
there are none. Only that which is 
living can produce that which shall 
live. Dissociated molecules of life- 
less matter, with no vital affinity to 
marshal them, are, as a matter of fact, 

*Encyc, Brit. vol. iii., p. 697, 9th ed. 
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never seen to endow themselves with 
the properties of life. 

Dealt with physically, it has, as a 
question, received masterly treatment 
at the hands of Tyndall, and his an- 
swer is emphatic — it is, that that 
which is not living does not rise to 
that which lives. 

Biologically, it has been dealt with 
by all the workers in minute biology, 
and their answer is, that as far down 
as we can reach, or see, with certain- 
ty, living things arise ultimately in 
living products — parental germs or 
spores — the equivalents of eggs or 
seeds. 

"But," says the shallow reasoner, 
" if there be no spontaneous genera- 
tion in nature, how can we have con- 
sistency in the great doctrine of evo- 
lution ? That process must have been 
a march of mighty progression from 
the beginning until now. Evolution 
is in danger by your facts! I answer, 
if that be so, then I prefer the facts, 
to the doctrine of evolution. But I 
affirm that such reasoning is wrong, 
and Professor Huxley shall give the 
answer. If once, in the mighty ac- 
tivities of the evolving past, dead 
matter was at some point of crisis and 
necessity changed into that which 
lived, and one of its properties was 
the capacity to multiply itself indefi- 
nitely, why do we need the constant 
change or transmutation of that which 
is dead into that which is living to-day? 

Says Huxley : " If all living beings 
have been evolved from existing forms 
of life, it is enough that a single par- 
ticle of protoplasm should have ap- 
peared on the globe, as the result of 
no matter what agency; in the eyes 
of a consistent evolutionist any fur- 
ther independent formation of proto- 
plasm would be sheer waste."* 

Then the facts are: — i. That pro- 
toplasm or " bioplasm " is a certain 
definite compound possessing the 
properties of life. 

2. That life is nowhere found with- 
out it. 



*Encyc, Brit.^ vol. iii., p. 689. 



3. That only living matter can pro- 
duce living matter. 

Now, I ask, do the stability and 
precision discoverable in the opera- 
tion of chemical and physical law, as 
applied to non-living substances, hold 
good in the operation of the discover- 
able laws of biology? I maintain 
that they do. 

One error often entering into a dis- 
cussion of matters concerning proto- 
plasm, is to suppose that we are dis- 
cussing an abstract thing. Who ever 
saw abstract protoplasm ? There is 
no such thing. You may have the 
protoplasm of an alga, or of a trout, 
or of a man; but you cannot have 
protoplasm that belongs to nothing. 
As there is no abstract matter dis- 
coverable by us, so there is no ab- 
stract protoplasm. You may have 
matter endowed permanently with the 
properties of gold, or silver, or hydro- 
gen; but the matter common to and 
underlying them all is not discover- 
able. 

You must, therefore, if you have 
matter at all, have it specialized, en- 
dowed with certain properties. 

It is so with protoplasm. It is never 
within our reach as an unspecialized 
compound. We know it as the pro- 
toplasm of a mushroom, or an oak, or 
an amoeba, or a sparrow, and there- 
fore with the special properties be- 
longing to that and to nothing else. 

Living stuff is the product of living 
things. Living things are developed 
according to known and discoverable 
laws, as rigid as those which deter- 
mine the composition of carbonic acid 
or chloride of sodium, only more 
complex. 

o 

A New Microscope. 

We illustrate this month a new mi- 
croscope-stand by J. Grunow, of this 
city. It is of brass, with the excep- 
tion of the base which is japanned. 
With the draw-tube down, in the 
vertical position, it is twelve inches 
in height. With two oculars, a i-mcft 
and a ^-inch objective, and double 
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nose-piece, the stand sells for $105 .00. 
Mr. Grunow states that in making 
this stand he has endeavored to meet 
the wants of those who desire a well- 
made stand at a reasonable price. 
He has, therefore, given great atten- 
tion to the workmanship, and has 
modeled it so as to save all possible 
cost in manufacture. It is a stand 
especially adapted to physician's 
work. 




Fig. 36. 

. The cut renders a detailed descrip- 
tion unnecessary. 



Fresh-water AlgaB. 

The April number of Hedwigia^ a 
botanical journal published in Leip- 
'%^ contains an elaborate article on 
^^e question, *' Is Sparozyga Jacobi a 
^ynonyme for Mastigocladus lamino- 



sus f '* Although the author bestowed 
much care and patience upon the ex- 
amination of his dried specimens to 
prove that the two forms are differ- 
ent plants, yet he utterly failed to 
convince us that his deductions are 
correct. To meet his ingenious ar- 
guments would require better oppor- 
tunities than it has been our privilege 
to enjoy for the study of the life- 
history of the so-called Mastigoda* 
dus. A sojourn at Karlsbad, the 
habitat of the form in question, and 
the exercise of the patience of a Dr. 
Itzigsohn to watch its development 
and growth for a year or two might 
be needed. It is not enough to know 
that one author and another natural- 
ist found it in the same waters, and 
in nearly the same condition ; but it 
is also interesting to learn that the 
collectors and students obtained 
something which none of them ap- 
peared to understand. Our author 
himself acknowledges '' there is a 
labyrinth of syuonymes." There seems 
to have been something very vague 
about the forms ; one pronounced 
the plant Anabanay another a Nostoc; 
one author hazarded the opinion that 
it was a Spharozyga ; Ktitzing called 
it a Mcrizomeriay then a form of an 
alga corresponding to his Cylindro- 
spertnum licheniforme ; Cohn made 
of it a new genus under the term 
Mastigocladus, 

The critics were, every one of them, 
close observers, but the diversity of 
conditions due to different stages of 
development gave rise to diversities 
of opinion. 

To us the simple appearance of 
Mastigocladus laminosus, as figured, is 
sufficient to explain the mystery about 
it. All the features are those of 
developing forms — the somewhat ir- 
regular cell -forms of the trichoma, 
some spherical, some oblong or oval, 
and others cylindrical, and then the 
more elongated articulations of the 
pseudo-branchlets are features com- 
mon to the early stages in the devel- 
opment of many filamentous algae. 

During the infancy of the study of 
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the fresh-water algae the error com- 
mitted by the author was unavoidable, 
but such errors are now less excus- 
able, since we have learned more of 
the life-history of these plants, of the 
singular transformations they undergo 
in a kind of intermediate existence, or 
arrested development, a condition 
between the embryonic microspores 
and the perfected plants — a condi- 
tion which often continues for 
months, during which time they as- 
sume various forms, most commonly 
unicellular forms — which have given 
rise to numerous false genera. 

Our lamented friend the late Dr. 
Rabenhorst, of Prussia, published a 
most valuable summary of the fresh- 
water algae, which included the names 
and descriptions of all forms known 
up to the date of his publication. He 
performed a noble work, but more 
exact information acquired in later 
years reveals that hundreds of his 
described forms are mere intermediate 
or temporary life-conditions. They 
are often found in large numbers — 
we may say, in myriads. They fre- 
quently hold very tenaciously to their 
intermediate forms, passing through 
a cycle or through cycles of existence 
ere they round out into the true, per- 
fected plants. . 

With these facts, certainly known 
to our author, it seems hardly credi- 
ble he should have wasted so much 
learning to uphold a chimera. 

To us his efforts, in a previous num- 
ber of the same journal, to uphold 
the unicellular algae as stable forms, 
appear equally unreasonable; they are 
constant for a season, yet is their 
<:hief characteristic that of great 
changeability. 

Dr. Cooke, of London, has com- 
menced the publication of the 
** Fresh-water Algae of Great Britain." 
The work appears in numbers. The 
plates are prepared with an eye to 
beauty, and the letter-press is made 
attractive ; but it is to be regretted 
he does not give sufficient promin- 
ence to the instability and doubtful 
character of many of the forms al- 



ready presented. Earlier authors 
have put forth much more advanced 
views. 

One of the most masterly studies 
was made by the late Dr. H. Itzig- 
sohn, of Russia. His essay on Hapa- 
losiphon Braunii reveals a profundity 
of research into the life-history of a 
single plant, and displays the many 
forms which occur in its develop- 
ment. There is a similar history, 
perhaps, in many cases unwritten, be- 
longing to many other forms. 

Why should these be ignored, and 
the primitive notions be upheld with 
such tenacity ? F. Wolle. 



Aquaria for Microscopists. 

In the management of small aquaria 
a very little experience is of great 
value. The first attempts are usually 
not successful, but after a while it 
will be found that the aquaria run 
along without much trouble. The 
secret of this is in the experience, 
which seems to have come very natur- 
ally, that indicates to us Just about 
how much plant-life should be in a 
given quantity of water, and where 
the aquarium should be placed to 
ensure the most satisfactory growtli. 

It need not be said that the con- 
ditions of prolific growth in an aquar- 
ium are the same as are found m 
open ponds, but to imitate those con- 
ditions indoors requires some judg- 
ment. The collector will observe 
that the water in ponds, although 
freely exposed to the glare of the sun, 
never becomes greatly heated, because 
of the rapid evaporation from the 
surface. But if an ordinary aquar- 
ium be thus exposed to the sun, the 
small body of water would soon be- 
come so warm that many organisms 
would die in it. Therefore, the 
aquarium - should not be placed in 
sunlight. By far the best place is near 
a window where it can receive good 
light from the sky all day long, but 
no direct sunlight. The first, and 
most important rule is, keep the water 
cool. 
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For the microscopic specimens a 
small bottle, holding about 6 ounces, 
with square sides, makes an excellent 
aquarium. Such bottles should be 
about two-thirds filled with water, 
and covered to exclude dust. We 
have used the tin-foil that tobacco is 
wrapped in to cover them, and found 
it well adapted to the purpose. Sever- 
al of these bottles should be kept 
with sprigs of water-plants growing 
in them, so that whenever an inter- 
esting specimen is found it can be 
put into one of them, to grow and 
multiply by itself. In this way it is 
sometimes possible to cultivate micro- 
scopic forms of life very successfully. 
We have thus grown hundreds of the 
common rotifers and kept them for 
weeks in the winter time. That was 
done, however, in a one-ounce bottle, 
which had a small bit of Nitella in it. 
We have also kept Volvox in fine con- 
dition for many days in a small bottle 
covered with a watch-glass. 

Beginners in this . work are apt to 
put too much material into their jars. 

Xvery small bit of a vigorously grow- 

ingplant will suDice, and if too much 
is introduced, it will soon loose its 
ngor, and some of it will decay and 
make the water impure. 

The jars should not be disturbed 
much, and when they are moved they 
should be handled carefully and then 
replaced as they stood before, in order 
to ensure uniform conditions of light 
and temperature. 

We have seldom been troubled 
with an excessive growth of unicellu- 
lar algae on the sides of our jars. 
Usually these come from an excess 
of light. But a filamentous Clado- 
phora found its way into one of our 
larger jars more than a year ago, and 
it became such a nuisance that finally 
the jar was given over to that plant 
entirely, and is now green with it. 
When the jar is wanted for other 
use it must be washed in boiling 
water to get rid of the too prolific 
alga. When minute algae do come in 
such abundance as to be troublesome, 
set the jar in a dark closet for a 
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few days and they will disappear. 

However, for microscopic purposes 
such growths are not usually objec- 
tionable, for some of the infusoria 
delight in them, and it is not neces- 
sary to keep the sides of the small 
bottles clear, as in the case of larger 
aquaria. Nevertheless, they should 
not be allowed to increase too much, 
for if they do they may suddenly fill 
the water with a cloud of swarm- 
spores, and brin^ about a decomposi- 
tion which will kill everything therein. 
Such a condition of affairs, if threat- 
ened, can be prevented by removing 
the jar a short distance from the win- 
dow, when growth will be less rapid. 

It does not seem to be a matter of 
much consequence what plants are 
used in the microscopist's aquaria. 
Nitella is a clean and hardy plant, 
and we have usually preferred it. 
One or two stems, a couple of inches 
long, is enough. Anacharis is also 
excellent for the purpose ; Myri<h» 
phyllum would doubtless prove quite 
as good, and perhaps even better, for 
it is a plant with leaves well adapted 
as a resting place for the tube-bearing 
rotifers. Besides these we have Cera" 
tophylluMy Callitrichiay Utriculana^ 
NaiaSy and Potamogetofiy and some 
persons prefer Ceratophyllum above 
all other plants for the aquarium.* 

As for the stocking of small aqua- 
ria, the only precautions are, not to 
put in too much material and not to 
put in animalcules that will kill each 
other. Our plan is as follows : When 
we have a collection of pond-life, 
plants and animals of all kinds all 
together, we put the whole mass into 
a saucer of water and let it remain 
there until it is convenient to look it 
over. In a saucer the collection will 
keep fresh while in a bottle it would 
soon become foul. Then, in looking 
over it with the microscope, the ani- 
malcules that it is desired to keep 
are transferred to the bottles, either 

* As many collectors may not be able to 
distinguish these plants, we purpose to give 
illustrations of some of them as soon as the 
cuts are ready.— £p. 
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by washing them off from the slide 
upon which they are found, or if 
prs^cticable, by the use of a dipping 
tube. But a mass of algae or of 
debris that is supposed to contain in- 
fusoria of interest is not introduced 
at random. Such a mass may be 
dropped in for a few hours and then 
removed by forceps or dipping-tube ; 
but it must not remain long enough 
to decompose. This should never 
be done in a bottle that already has 
a variety of living forms in healthy 
growth, as thereby there is danger of 
losing them by introducing incompa- 
tible creatures. 

Sometimes it is desirable to keep 
a certain specimen found in a jar 
attached to something as a leaf or 
stem, separate from the others for a 
short time. This can readily be done 
by placing it in a small tube, uncorked, 
which can be suspended in the jar by 
means of a thread. In the same way 
a number of specimens can be select- 
ed and placed in tubes which can 
then be suspended in a jar of water 
and carried about — to a meeting of a 
society for example — in this way se- 
curing the advantages of a consider- 
able quantity of water, while the 
specimens are easily found. 

The secret of success is in having 
the plants in the small jars growing 
well before the infusoria are intro- 
duced. Even then many of them 
will not live, for they are very sensi- 
tive creatures and will not bear well 
sudden changes in their conditions 
of life. But perseverance and ex- 
perience will bring their reward in 
this as in other things. 

The microscopist who desires an 
inexhaustable source of entertain- 
ment, or a rich field for investigation 
during the winter evenings, can pro- 
vide for these in no better way than 
by starting a number of aquaria now. 
September is the proper time to start 
aquaria for the winter, and we trust 
many of our readers will act upon 
the suggestions of this article, for if 
they will do so we are sure to hear of 
many observations they will make. 



Besides the numerous small aquaria 
the microscopist would do well to 
have one or two lar^e tanks, holding 
one or two gallons, m which can be 
kept a stock of plants and animals of 
different kinds, and one tall jar in 
which VcUlisneria can be grown. In 
the large tanks should be kept differ- 
ent water-plants such as NiUlla^ 
AnachariSy Myfiophyllum^ Lemna 
(duck-weed), and others, from which 
the small aquaria can be replenished. 
In these may also be kept many mi- 
croscopic specimens from collections, 
and especially snails and Daphnia^ 
Cyclops and other entomostraca. The 
snails may be occasionally introduced 
into the small jars as scavengers, and 
the entomostraca can be used to feed 
the hydras, which will probably be 
found in one or m6re of the jars. 

The cyclosis in plant-cells is very 
beautifully shown in Vallisneria^ and 
this plant can be grown in a tall jar 
without any care whatever. The 
roots should be. imbedded in mud 
and sand at the bottom. The 
plant will grow rapidly and probably 
fruit in the jar. It will die down in 
the fall, but in thespring, it will again 
grow if the roots are undisturbed. 



Naias Flexilis and Gycloste. 

BY A. C. PALMER. 

On a recent visit to Fresh Pond, 
Cambridge, about four miles east of 
Boston, Mass., I made careful search 
for some of the few and rare sub- 
merged grasses, or weeds, usually 
mentioned by microscopists, and in 
books on microscopy, as best disclos- 
ing the very interesting phenomenon 
of the cyclosis, or^«otation of fluid in 
the cells of living plants. Of the 
plants, the Anacharis aisinastrum and 
the Vallisneria spiralis being most pro- 
minent, 

I succeeded in finding the Anacha- 
ris aisinastrum in abundance, and of 
a beautiful deep-green color, in full, 
healthy growth. 

I found also a submerged wctA that 
I had never seen before, and flot 
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meotioned, as far as I know, in con* 
nection with the cyclosis. This weed 
pows 6 to 12 inches in length, has 
lat, narrow leaves, somewhat crowd- 
ed into whorls. It is called by botan- 
ists the J^aias fiexUis^ and classed 
by Dr. Gray,* in the family Naiadacese 
genus Naias. This NaiasfiexUis dis- 
closes, under my microscope, the 
finest cyclosis phenomenon I have 
ever seen. I have mentioned this fact 
to a distinguished botanist, and to 
several eminent professors and micro- 
scopists, each of whom was unaware 
of its revealment of the clyclosis, and 
I therefore infer that others may be 
interested in this discovery. 

On the outer side of the wooden 
pier- near the hotel, at Fresh Pond, 
there is a depth of ten or twelve feet 
of water, with » healthy growth of 
Anacharis alsinastrum on the bottom. 
On the left-hand, the water is eight 
or ten feet deep, and the bottom is 
literally covered with a fresh matting 
^Naiiujfifxiiis, 
In a drop of water, place a small 
poitbn of the leaf of this plant on a 
miooscope slide, with a thin glass 
corer — or better, use an animalcule 
<^e: Let it remain quiet a few min- 
utes, then view it with a mediuum 
cy^inece and a -^-inch objective or 
Wgber power. 

The bioplasm, and the chlorophyll 
or colored granules, will exhibit the 
myelosis most beautifully, better it is 
l>elieved, than has hitherto been ob- 
observed in any other plant. 

The Naias flexilis is a perishable 
plant and if preserved in a glass jar for 
microscopic use, should J)e kept in a 
cool place, should have a plenty of 
room in the jar, and a free supply of 
fresh water. 

[Mr. Balen informs us that he fully 
agrees, with Mr. Palmer as to the 
beauty of the cyclosis in the plant 
Mentioned above. We have also seen 
^^and can confirm all that has been 
said concerning it — Ed.] 

^Gny's " BoUny of the Northern United 
SUtes/' page 483. 



A Note on Cupelopagis. 

Dr. Joseph Leidy has courteously 
called my attention to some descrip- 
tive remarks of his, reported in the 
"Proceedings of the Philadelphia 
Academy of Natural Sciences," Vol. 
ix., p. 204, " relating to an animacule 
found attached to stones in the Dela- 
ware and Schuylkill rivers ♦ ♦ ♦ ♦ 
closely allied in structure to the wheel 
animacules, yet possessing no rotatory 
or other ciliated apparatus." This 
rotifer (which he names Dictyophora 
vorax) is evidently closely allied to 
the one described and figured by me 
in the last number of this Journal, 
and probably belongs to the same 
genus. It is impossible to tell whether 
the species is also the same without a 
more detailed description, or a com- 
parison of specimens. 

Dr. Leidy's generic name is, how- 
ever, preoccupied in entomology, hav- 
ing been used by Germar as early as 
1833, for a genus of Hemiptera, and 
even before him for a fungus ; and 
that proposed by me, will therefore 
. have to stand. 

The word " pushed " in line 8, p. 
102, second column, should read 
" pursued," and the length of the body 
should be given as 0.016, instead of 
0.16. 

S. A. Forbes. 

Normal, 111., June 21, 1882. 
o 

Thtn Glass Cells. 

The Editor is not mistaken in say- 
ing (in reference to the article on p. 
loi), that Dr. Beale has described a 
somewhat similar method of making 
glass cells. Prof. Quekett, in the 3d 
edition of his " Treatise on the Micro- 
scope" (1855) says: "Dr. Beale recom- 
mends the following plan: — * One of 
the thick glass rings, fig. 214, is heated 
on the brass plate, and one side cov- 
ered with marine glue. As soon as 
the glue is melted, a small piece of 
thin glass is carefully applied ♦ ♦ * 
when cold, a semi-circular, or round 
file is sharply thrust through the cen- 
tre, etc' 
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Some ten or more years ago, I de- 
scribed, in Science Gossipy sl modifica- 
tion of Dr. Beale's plan. It was some- 
what as follows : Take a brass plate 
3 in. X I in., and j4 an inch in thick- 
ness, place it carefully on the turntable, 
and with a "broach," or angle of a 
broken triangular file, make a circle 
of the diameter required, then drill it 
out and remove the burr; heat the 
brass slide and smear the margin of 
the aperture with shellac; place the 
thin glass circle in position, the diame- 
ter of which need not exceed that of the 
perforation by more than }4 of an 
inch ; when cold, place the brass slide 
on the turn-table, and with a writing 
diamond inscribe a circle on the thin 
glass of the same diameter as the hole; 
make some scratches upon it, give a 
few taps with a file or pen-holder and 
the central portion of the disk will 
come away, leaving a cell with clean 
edges. Heat the brass slide hot enough 
to readily detach the cell; while the 
brass is still hot smear again with lac, 
and cement another disk to it. With 
ten or a dozen brass plates over a 
hundred cells can be made in two 
hours. 

The cells are easily freed from the 
lac by placing them in alcohol. 
An ordinary glass slide may be perfo- 
rated in a similar way. Place it on 
the turn-table, make a circle upon it 
with a cutting diamond, cement it 
(with lac) at right angles to the brass 
plate, and after scratching or cutting 
the centre with the diamond, the cen- 
tral portion may be knocked out with 
a file, or better still, with a little steel 
pointed hammer. Perforated slides 
are useful for mounting foraminifera, 
small insects, etc., a glass cover at- 
tached to the slide with shellac or 
marine glue forming the bottom of 
the cell, another forming the top, the 
upper and under surfaces being 
equally available for inspection. For 
dry-mounting of diatoms, and objects 
not much exceeding -^ of an inch in 
thickness, I have for the last twelve 
months, been using cells prepared in 
the following manner: Wash some 



whitening in water to get rid of the 
coarser parts (foraminifera, sponge- 
spicules, etc.), or levigated chalk as 
sold by druggists can be used, and 
make a mixture about the consistency 
of cream with weak gum water; three 
or more applications will make cells 
of a sufficient depth; when dry go over 
them two or three times with a solu- 
tion of Canada balsam dissolved in 
benzine; the cells should not be used 
until the balsam is quite hard; then 
place the cover (upon which the dia- 
toms ought to be mounted) in posi- 
tion, and with a heated slide press it 
upon the cell, when perfectly attach- 
ed the cement ring can be made in 
the usual manner. 

Fred. Kitton, 
Norwich, Eng. Hon'y f. r. m. s. 



Sphagnum^ Desmids^ Bhizopods 

and Eels. 

A recent visit to a pond in the 
southern part of New Jersey, prima- 
rily in search of rhizopods, proved 
so successful in other respects that it 
seems worthy of note. Attached to 
sticks, and floating objects in the 
water, were great clusters of the beau- 
tiful alga Batrcuhospermum monilifor- 
me, and an abundance of Chantransia 
macrospora in every direction, even 
growing luxuriantly upon the thallus 
of Batrachospermum, But it was the 
bog-moss {Sphagnum) that contained 
the greater variety of microscopical 
treasures. Following Dr. Leidy's di- 
rections for collecting rhizopods, the 
water was squeezed from the sub- 
merged moss, the result showing 
what an abundance of living crea- 
tures a handful cf sphagnum may 
yield to those interested in micro- 
scopical studies. Among the rhizo- 
pods, the most notable forms were 
Difflugia spiralis^ Placocista spinosa, 
Heleopera petricola^ Hyalosphenia 
papilio^ Sphenoderia lenta^ Nebela cau- 
datay Nebela ansata^ while among the 
algae, the desmids were present in 
profusion. The following is but a 
partial list ; Cosmarium cucumisy C. 
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cucuhitOy C margaritiferum^ Desmi- 
(UumSwartziiy Didymoprium Grevillii^ 
Hyalotheca disiliens^ Staurastrum mac- 
merum^ Xanihidium armatum^ Chs- 
terium rostratum^ C Leibleiniiy C. Di- 
ana, C. strioiatum, C. setaceum^ Tet" 
memorus Brebhsami^ Micrasterias 
truncaia^ M. arcuata^ M, furcata, M, 
denticulatay M, radiosa {Jlf. oscitans f) 
(M. quadrata /), PUuroiitmum bacu- 
lum, Spharozosma serratum, S. pul- 
chrum^ Spirotania condensata^ IVip- 
loceras verticillatum^ and several spe- 
cies of Euastrum, 

Infusoria were not absent. Proba- 
bly the most noteworthy were Rhi- 
ptdodendron splendidum and Spango- 
monas intestinalis which were abun- 
dant, while Spongomonas discus was not 
infrequent, and since the vessel has 
been standing on my table many 
large colonies of the curious Spongo- 
monas sacculusy discovered in Eng- 
land by W. Saville Kent, have ap- 
peared and made themselves at home. 
The shallow water below the flood- 
gates to this Jersey mill-pond was lit- 
^ly alive with young eels from 
tliree to four inches in length. An 
occurrence which had never be- 
fore come to my notice was that they 
^ere swarming out of the water and 
up one of the gate-posts. The wet, 
perpendicular surface of the wood, 
for a foot above the water, was cov- 
ered by a writhing mass of eels, and 
when one fell back two seemed ready 
to take the place. What could have 
been the probable cause of the aerial 
gymnastics of these aquatic creatures ? 

A. C. Stokes. 



The Preparation of Diatoms. 

Dr. R. S. Warren complains that 
directions for the preparation of dia- 
toms are rather meagre in books. On 
perusing his article, I do not find that 
he has added anything new to our 
previous knowledge. In Science Gas- 
sip^ 1877, pp. 145 and 217, he will 
find that all, or nearly all, his methods 
are fully described. Filtered water 
may be used in the preliminary wash- 



ings, but before and after using sul- 
phuric acid the material must be well 
washed with distilled water, in order 
to get rid of any lime that may be 
present, otherwise minute crystals of 
sulphate of lime attach themselves to 
the diatoms to their great disfigure- 
ment. His plan for eliminating sand 
is identically the same as given by me 
in the above named work. Whilst 
calling attention to my papers in Sci- 
ence Gossipy I do not claim to be the 
inventor of the plans therein propos- 
ed, many of them were suggestions of 
correspondents. The use of liquor 
potassae was suggested some five and 
thirty years ago, by Professor Bailey. 
Liquor ammoniae by Dr. Arnott, of 
Glasgow, but the plan of placing a 
drop of the sandy diatom material on 
a glass slide, as described in my pa- 
per, was, I think, new. 

Query — What diatomaceous depo- 
sits are sub plu tonic ? 

Fred. Kitton, Hon'y f. r. m. s. 
Norwich, Eng. 

o 

Staining and Preservation of 
Tnbe-casts. 

To stain and preserve tube-casts, 
I have found a logwood staining 
solution, better than any other. This 
solution is made by adding 5 grammes 
of the extract of logwood, and the 
same quantity of alum, to 100 c. c. of 
water. The extract and alum should 
be thoroughly triturated before the 
water is added, and the whole then 
left to stand until the extract is 
completely taken up by the water, 
which requires several hours, and 
then filtered. The best course to 
pursue in staining, is to shake the 
bottle containing the urine, then pour 
it into a conical flask ; after several 
hours, when the deposit is complete, 
either draw or pour off the superna- 
tant fluid, and add to the deposit 
about an equal quantity of the stain- 
ing fluid. At the end of one or two 
days, the casts will be stained a 
beautiful reddish-purple. I have 
casts prepared in this manner over 
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nine months since, and, though left 
in the tube in which they were stain- 
ed, they are in every particular as 
perfect as at the time they were pre- 
pared. After staining, the casts can 
be mounted in balsam or dammar 
without undergoing any change. 

A. T. Parker. 



Cabinet for Slides. 

BY J. H. PILLSBURY. 

I have used the following with a 
great deal of convenience : — 

In order that I might arrange my 
slides systematically, they must all lie 
flat to accommodate those which 
would be injured in any other posi- 
tion. I had neat trays with sawed 
slots for twenty-five slides in each 
tray, arranged on end in a case, with a 
lid about two inches deep to allow the 
trays to project far enough to be 
taken out easily when the lid is open. 
Each case holds twenty trays in two 
rows, accommodating five hundred 
slides. Labels for the names of the 
slides are stuck on the upper ends 
of the trays, and the slides may be 
numbered and lettered to correspond 
with letters on the trays, and num- 
bers on the slots if desired. When 
the lid is open I have a classified 
list of the five hundred slides before 
me for instant reference. 

Springfield, Mass. 



Significant Angle. 

In the April number of this Jour- 
nal, appeared a paper on Telescopic 
Field and Microscopic Aperture. 

The author of that paper, the Hon. 
J. D. Cox, thinks the angle usually 
called the angle of aperture of 
microscopic objectives should give 
place to an entirely different 
angle, measured by a method 
which he clearly describes. Of this 
proposed angle he says, on page 64 : 
" If there be any significant angle in 
optics, it would seem to be this, and 
t would seem also to be the true an- 
gle of aperture of the lens, if the term 



has any definite meaning." Devotees 
of microscopy will naturally examine 
pretty carefully any angle which is 
thus offered as a substitute for the 
present one, however willing to adopt 
any improvement. 

The precise difference between the 
accepted angle of aperture and the 
one under examination is this: the 
former is bounded by rays which pro- 
ceed from a point of the object, situ- 
ated on the principal axis, and pass 
through opposite margins of the ob- 
jective to a conjugate point of the 
image; the latter is bounded by rays 
proceeding from a point between the 
object and the lens, passing through 
opposite margins of the lens to oppo- 
site margins of the field-glass of an 
ocular. 

The angles under consideration are 
lo f and / o" I' of fig. 24, page 6^y to 
which figure the reader is referred. 

Inspection of that diagram will en- 
able any one to see that/ o /' is "sig- 
nificant " to the extent that it gives 
the angular breadth of the cone of 
rays which the lens is capable of trans- 
mitting — theoretically at least — from 
a point of the object to a conjugate 
point of the image; and that the vari- 
ation of the angle, as the distance of 
the object from the lens is changed, 
corresponds to the variation of the 
efficiency of the lens used with differ- 
ent lengths of tube. Indeed, if the 
angle and the tube-length with which 
it was measured be given, it is easy 
to say in advance what will be the 
performance of the lens with any tube- 
length; and the eye-piece employed is 
a matter of indifference except as to 
the question of magnifying power and 
amount of image visible. 

The angle /<?/'is "significant," 
again, because it, supplemented by 
the focal length, enables us to deter- 
mine the effective linear aperture of 
the lens, which gives it special claim 
to be called the angle of aperture. 

Moreover, since the vertex is al- 
ways situated in the object, 1 f '\s 
usually regarded as the "angle of 
aperture " for all applications oi the 
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lens, telescopic or microscopic. Let 
us see what significance attaches to the 
proposed substitute / ^" /'. It certain- 
ly does not give us, when supple- 
mented by the tube-length used in 
measuring it, the angular breadth of 
the cone of rays transmitted from ob- 
ject-point to image-point, nor any ca- 
pability of the lens dependent on that 
item, unless the linear aperture of the 
field-glass is specified in addition. 
Even then considerable calculation 
is Deeded to ascertain the very points 
easily obtainable from lof. Addi- 
tional complication arises from the 
fact that lo f increases or diminishes 
as the tube is shortened, accordingly 
as the linear aperture of the field- 
glass is greater or less than that of 
the objective. But the implication 
that the so-called telescopic angle 
lot and the so-called microscopic 
angle lo" f are constructed on a simi- 
lar principle, or by a similar method, 
is the most surprising feature of Mr. 
Cox's paper. 
The image ^ eP from which I o f\% 
Wved, is said to be " bounded by 
tlie marginal rays of the cone / o' /'. 
Of course, the portion of an image 
atr' ^ which is visible to an eye at o' 
'ys, so bounded, but there is no special 
significance in that fact, except that 
the partial image taken as the " tele- 
scopic image " varies with the size of 
the lens, though the whole image does 
not. 

If the visible portion viz., (^ d^ oi 
the whole image furnishes a basis for 
lof^ then an angle intended to be 
analogous to I of should be based 
upon the partial image analogous 
to the portion / if. Such analo- 
gous portion of the image formed 
at a' b' must be smaller than the 
visible portion of that at / (f, because 
the eye would be moved backward as 
far from o\ as o' is from r' ^. Al- 
though it is stated in the paper that 
"in both cases the examination of 
the image may be made by a properly 
constructed eye-piece, or by the naked 
eye" it seems to have been overlook- 
ed that both images should be viewed 



by an eye-piece, or by the eye, not 
one image by the eye and the other 
by the eye-piece. In the case given 
in the paper, fixing the image at a' b' 
bv looking at it from a point back of 
or would make a' b' shorter than / (fy 
while its length, determined by an 
eye-piece, is greater — as the figure 
shows. Whatever, then, may be the 
practical difficulty in determining 
the hitherto accepted angle of aper- 
ture, it does not appear that anything 
is to be gained by substituting for it 
any such angle as the one proposed. 

F. C. Van Dyck. 

EDITORIAL. 



, Subscriptions. — Remittances for subscnp- 
tions should be made by po»t-oflice or express money- 
orden, by draft payable in New York, or in registered 
letters. Money sent in any other way will be^ at the 
sender's risk. A receipt will be immediately given for 
money received by open mail. 

The Journal it issued on the xsth day of each 
month. Subscribers who do not receive their copies 
at the usual time are requested to inform the Pulv 
lisher of the fact. 



Express Money - orders. — The 
American Express Company has es- 
tablished a system of money-orders, 
which, we believe, will become very 
popular with those who have occasion 
to remit money in small sums, as soon 
as its advantages become known. 

The rates are: for $i.oo to S5-o<^» 
five cents; over $5.00 to $10.00, eight 
cents. Subscribers to this Journal 
can, therefore, send the price of sub- 
scription with absolute safety for five 
cents. In all cases we advise money 
to be sent in accordance with the 
suggestions at the head of this column. 

While referring to remittances we 
take occasion to say that it would be 
a great accommodation to us if cor- 
respondents in small towns would 
procure drafts on banks in this city, 
instead of sending checks on local 
banks. 



Uniformity in Oculars. — Among 
the subjects of importance to be 
brought before the meeting of the 
American Society of Microscopists at 
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Elmira, is that pertaining to the size 
and nomenclature of eye-pieces. 
Looked at from a purely business 
point of view, we are sure that, how- 
ever desirable it may be to secure 
uniformity in size and nomenclature, 
and however strongly the advantages 
may be presented by the Committee 
having that matter in charge, no ac- 
tion the Society can take will alone 
bring about the desired uniformity. 
Manufacturers of microscopes, with 
perhaps two or three exceptions, will 
not change their machinery at the dic- 
tates of any Society. The only way 
to secure uniformity is to convince 
purchasers of its importance. Never- 
theless, this is no argument to dis- 
courage the Society from adopting a 
standard of uniformity, for the result 
can only be brought about by some 
initiatory action from some influen- 
tial body. We look for the report of 
the Committee with great interest. 

o 

Table of Numerical Aperture. 
— Last month we printed a table of 
numerical aperture, and a microme- 
tric table, but as it is not always con- 
venient to refer to the Journal to 
examine the table, we reprint them 
this month on one of the advertising 
pages, so that they may be torn out 
for use. 

It may be that some readers do not 
fully understand the aperture table. 
We do not consider it advisable to 
explain it in detail, for the subject of 
numerical aperture has already been 
discussed quite freely in these col- 
ums; but if there is anything still ob- 
scure about the meaning of the table, 
or concerning the relation between 
angular and numerical aperture, we 
will endeavor to make it clear to any- 
one who will plainly state the diffi- 
culty. 

It will be convenient to remember 
a very simple relation between the 
metric and the English microme- 
tric measures, which is expressed as 
follows : — 

.001 cm. = .00039370 inch. 
TT^TJF i'^c^ = .00040000 inch. 



The difference between these is, 
.00000630, an amount quite unworthy 
of consideration for ordinary micro- 
metric purposes, so we may say that 

.001 cm. g/oft = or .0005 of an inch. 

o 

Preservation of Protozoa. — A 
thoroughly good method of preserv- 
ing minute organisms would be of 
great value to microscopists. The 
process of A. Certes, by means of os- 
mic acid, is effectual in many cases, 
but not always satisfactory. 

Eugen Korschelt,* describes the 
following method, which he regards 
as better than that of Certes: A very 
small drop of water containing the in- 
fusoria is placed on the slide and 
covered with the thin glass. A i per 
cent, solution of osmic acid is then 
allowed to flow under the cover, and 
drawn off at the opposite side. It is 
followed by water, and then by 70 
per cent, and 90 per cent, alcohol, 
and finally by water. For coloring 
the now fixed and hardened animals, 
C. Weigert's picro-carmine is used. 
It is allowed to act i J^-2 hours, when 
it is removed and again 70 per cent, 
and 90 per cent, alcohol are used, 
followed by absolute alcohol, oil of 
cloves and Canada balsam. 

This process, the author states, can 
be carried out in a short time, and 
gives fine results with many infusoria. 
But fqr some, the amcebae for ex- 
ample, the osmic acid will not do. 
For amoebae therefore, a 2 per cent, 
solution of chromic acid is used in- 
stead, the other manipulations being 
the same as for osmic acid. The 
chromic acid should act 2-3 minutes. 

In this way many infusoria and 
flagellates have been preserved with- 
out the slightest shrivelling; the 
cilia and vacuoles remain as in life, 
and the granules and nuclei are col- 
ored intensely red. By far the most 
surprising result is obtained with the 
amcebae; their form is fixed and the 
vacuoles are to be seen even in the 

* Zooiogischer Anzeiger^ 1882, No. 109. 
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finest pseudopodia. Heliozoa are also 
perfectly preserved in this way. 

Bernard Landsberg* objects to the 
above process because all the opera- 
tions are performed under the cover- 
glass, which renders it impossible to 
remove dirt, etc. He recommends 
the following ingenious method which 
requires no great operative skill, as 
even beginners in microscopy readily 
succeed with it. The water is exam- 
ined on a slide, or in a watch-glass, 
under the microscope. When an ani- 
mal is found that one desires to pre- 
serve, a capillary tube is brought near 
it, under the microscope, and as the 
water runs up the tube it carries the 
animal with it. It is blown out of 
the tube into a drop of i per cent. 
osmic acid solution, upon another 
slide. After about ten minutes (at 
the longest) it is stained with picro- 
carmine, or with Beale's carmine, 
washed wih water, and alcohol is 
added, followed by oil of cloves. The 
object can be transferred to another 
slide by means of the capillary tube. 

Still simpler is the process for min- 
ute, rapidly swimming protozoa. 
HTien they are collected in a watch- 
glass with a small quantity of water, 
the necessary quantity of osmic acid 
is added, then successively the color- 
ing matter, alcohol, and oil of cloves; 
all this is done in the watch-glass. 
The animals remain so fixed in mu- 
cous that seldom one is lost by draw- 
ing off the fluids. 

Canada balsam is not so good for 
many infusoria as glycerin; Actino- 
sphcsrium Eichornii is much better 
shown in glycerin. The foamy ap- 
pearance of the ectosarc is distinctly 
revealed by this method of prepara- 
tion, and the contractile vacuoles re- 
main as in life. 

Will some of our readers try these 
processes and send us a report of 
their results ? Chromic acid can be 
purchased of druggists, and if osmic 
acid cannot be obtained, we will glad- 
ly purchase it for any subscriber who 
^a y desire it. . 

^Zool. Anzeiger, 1882, No. 114. 



Impurities in Ice. — There is great 
difference in people ! Some are most 
excellent fishermen and others are 
not Now, we have no doubt that 
Mr. Balen, who has furnished many 
of our readers with microscopic or- 
ganisms in great variety, is a good 
fisherman in his way. But even he 
must yield the palm to a medical gen- 
tleman who has been catching the 
microscopic animals and plants and 
'* morphological impurities" of ice. 
We refer to Dr. Ephraim Cutter, of 
New York, "Member Philosophical 
Society, Great Britain, etc., etc.," who 
has written upon this subject, and 
whose article and illustrations speak 
for themselves in the columns of the 
Scientific American oi July. 29th. In- 
deed, Dr. Cutter has found the ice 
so rich in microscopic organisms of 
widely different kinds, that we most 
unhesitatingly recommend our read- 
ers whenever they want to make an 
exhibition of microscopic life for 
their friends to obtain a few pounds 
of ice, melt it and put the sediment 
under the microscope. 

The article in question begins with 
a " Prelude," in which we are inform- 
ed that the subject is "interesting 
because ice is an article of commerce 
and is extensively consumed." Some 
of the hard words are explained, but 
invariably it is stated that the "filtrate" 
is examined microscopically, when in 
fact it is not the filtrate at all but 
the matter left in the filter that con- 
tains the impurities — yet, we doubt 
not, almost as much might be found 
in the filtrate by an equally success- 
ful observer. 

We will not attempt to name the 
hundreds of things that contaminate 
the ice — the only thing conspicuously 
absent seems to be the " ague plant." 
There are bacteria, which he suggests 
may be the "babies (as it were) of 
vegetation." The Astrionella is ac- 
credited with a power of " self-s3rm- 
metrical arrangement." As regards 
" dirt," it is " hard to picture," and as 
for many other things found in the ice, 
the author is not sure they are hurt- 
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ful, but he thinks " water is more 
potable without them." We suppose 
that is particularly the case with what 
he calls " epithelia." 

And the article occupies more than 
two pages of the Scientific American I 

NOTES. 

— A new microscopical journal has 
been established in England, The Jour^ 
nal of the Postal Microscopical Society, 
It is to be published Quarterly, and is to 
contain extracts from the note*books, origi- 
nal articles, and microscopical news 
from various sources. The first number 
was issued in March, and contains fifty- 
six pages of reading matter and five plates. 
Among the articles, one by the Hon. J. G. 
P. Verekcr, on Numerical Aperture, is : 
about the clearest elementary explanation 
of the subject we have yet seen ; a trans- 
lated article by Dr. L. Dippell, On The 
Microscopical Examination of Chloro- 
phyll, Inulin and Protein-crystals is inter- 
esting to botanists. Mr. A. Hammond, 
describes the curious worm Tubifer 
rivulorum, with the aid of a plate. In 
each number, selections from the notes of 
Mr. Tuffen West will be given. 

We would be greatly pleased if our own 
Postal Microscopical Society were suffi- 
ciently active to publish a Quarterly maga- 
zine of equal excellence, from the notes 
which are sent around the circuits. 

Since the above was written, the second 
number of the Journallids come to hand. 
It is fully eoual to the first one, and con- 
tains several good articles ; among them 
one on "Spiders, their Structure and 
Habits," by William Horner, which is very 
readable. 

— In the last catalogue of Mr. Gund- 
lach's objectives, issued by Mr. Sexton, 
a jj(j-inch is advertised, and Mr. Sexton 
informs us that such an objective is to be 
made. We hope to live long enough tp 
see it. Will it be any worse than the ^V- 
inch which Mr. ToUes made a few years 
ago? 

— A good method of drawing from the 
microscope without a camera-lucida is to 
have a glass disk in the ocular ruled in 
squares. The paper upon which the 
drawing is to be made should be also 
niled in squares. The outlines of the 
object can be readily traced upon the 
paper and the different parts correctly 
located in the drawing. Mr. W. T. Sul- 






folk, who has used this method, recom- 
mends that the rulings in the ocular 
should be about ^^ of an inch apart. 

— It is with regret that we occasionally 
find the columns of our most valued ex- 
changes encumbered with laudatory words 
for pretentious, scientific observers, whose 
only claim to public recognition is the 
notoriety which they have secured through 
a not very discriminating press. Such 
articles impress us more and more with 
the opinion that the truly meritorious, the 
most pains-taking, and conscientious, and 
thoroughly scientific work, is the last to 
be recognized by the press and the public. 
Perhaps this is because the true scientific 
investigator is satisfied to present the re- 
sults of years of labor in an unostenta- 
tious and quiet manner, while the more 
superfical worker is quick to foist upon 
the public his premature conclusions, and 
always ready to make them as sensational 
as possible. Yet we have papers that 

Cretend to be scientific, which should not 
e led astray in such matters. Whv 
should the labor of a man like Dr. Koch 
be placed upon a level with the vagaries 
of another observer who has found and 
described a specific bacterium for almost 
every species of disease the flesh is heir to? 
This is the position virtually assigned 
to him by an article in one of our most 
influential exchanges, and it must be dis- 
couraging to the true student of science 
to find so little appreciation of the work 
of the man of science, and such laudation 
of the less deserving, 

CORRESPONDENCE. 

To THE Editor :— I think I am doing 
a service to users of the microscope, espe- 
cially tc^those who intend to carry micros- 
copes with them on their joumeyings this 
summer, by bringing to their notice a new 
stand maae by Schrauer of this city, 
which " packs well." It has a base similar 
to that on the instrument which was 
known as the working model of George 
Wale, except that the base is made of 
solid brass, instead iron. Moreover, there 
are no parts of sheet-brass. By un- 
screwing the binding screw, this base can 
be removed, and, together with the rest of 
the stand, also taken apart, and laid 
between other goods in one trunk, thus 
taking up far less space and travelling 
more securely than the ordinary stand 
which tumbles about in a huge square 
case occupying almost half of the trunk. 
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It is also an excellent stand to take to 
Microscopical Society meetings for it may 
be put into a small hand-bag, which can 
be carried much more easily and comfort- 
ably than the square box usually carried. 
In addition to its good qualities as a travel- 
ler, the specimen of this stand which I 
have possesses other excellencies. It is 
heavy, firm, with a low, solid staee, a 
tripod foot, a short tube capable of elong- 
ation, adjustments of extreme accuracy 
and smoothness, the coarse by rack and 
pinion, the fine by a Iom^ sensitive lever, 
and it cost only twenty nve dollars. 

W. H. M. 



IICBOSCOPICAL SOCIETIES 

At a meeting of the Camden Society, 
on May 4th, Mr. J. Carbutt, exhibited his 
apparatus for dry-plate photography, us- 
ing his lantern specially arran|^ed for that 
purpose. A good feature of his apparatus 
is the use of rubber balls beneath the 
base-board to prevent vibration. 

The Iron City Microscopical 

Club, is a new . association which has 

started with fair prospects of a prosperous 

ittture. The President is Dr. T. J. Gal- 

^. and' the Corresponding Secretary is 

M J. H. Logan, 198 Penn Avenue, 

%burg. An interesting meeting was 

^Id on the evening of June 6th. at which 

^J' R. C. Jillson. read an article upon 

diatoms, after which a number of objects 

and instruments were exhibited. 

A regular meeting of the Central 
New York Microscopical Club was 
held in Syracuse, Tuesday evening April 
25th, when a number oi interesting ob- 
jects were exhibited, including one sTiow- 
ing the heart's action, and capillary circu- 
Jation of blood in a young trout, by Dr. 
Clifford Mercer ; the palate and teeth of 
3 snail, and a beatifully stained section of 
the Sympiocarjbus foetidus, showing the 
cellular and glandular structure of the 
plant, by Dr. Chas. E. Slocum. 

In the order of business and discussion, 
great gratification was expressed by the 
niembers at the success which attended 
the soiree, held April 14th and 15th, at 
the Keble School buildings, where there 
were eighty or more microscopes, with 
their varied and excellent exhibits. 

The regular meeting of the Wellesley 
College Society, was held March 25th, 
the President in the chair. After the 
reading of the minutes the evening was 



devoted to a variety of subjects ; chiefly 
to reports upon the character and contents 
of the various journals of science and 
microscopy, which are placed upon the 
library table every month. 

The regular meeting for April 29th, 
postponecTto May 0th, was held with the 
President in the chair. After the reading 
of the minutes a paper on Insectivorous 
Plants was read by Miss Clarke ; this was 
very fully illustrated by elaborate black- 
board drawings and by living specimens. 
This was followed by a report by Miss 
Adgate, upon the most interesting articles 
in the various joumab of microscopy for 
the current month. Miss Emerson then 
read a paper on Polarized Light. After 
this. Professor Whiting gave an exhibition 
of thin rock-sections by polarized li|^t 
with the lantern. After the transaction 
of business, the Society adjourned to the 
laboratory, where a number of objects 
were exhibited. 

A Microscopical Society has recently 
been reor^nized in Cleveland, O., witn 
the following named officers : Dr. W. B. 
Rezner, President ; Dr. C. B Parker, Vice- 
President ; C. M. Vorce, Esq., Secretaiy ; 
and Dr. Robert Dayton, Treasurer. 
Meetings are to be held on the first and 
third TAiesdays of each month. 

A meeting was held June 20th. 

Dr. C. B. Parker, gave an instructive 
address on the sealing of glycerin mounts. 

Dr. Robert Dayton, read an interesting 
paper on the method of producing brilliant 
crystals of copper, exhibiting a collection 
of very fine slides of these objects. 

Dr. Allen Y. Moore, addressed the So- 
ciety on the subject of Blood, describing, 
and practically illustrating, his method of 
double-staining and mounting blood-cor- 
puscles. 

The xiiscussion regarding the subjects 
named brought out many interesting 
facts, and exhibited a very active interest 
on the part of the members of the Society. 

A Microscopical Section has been form- 
ed by members of the Bridgeport 
Scientific Society, having already six- 
teen active members. 



NOTICES OF BOOKS. 



Photography with Emulsions : A Treat- 
ise on the Theory and Practical Work- 
ing of Gelatine and Collodion Emulsion 
Processes. By Captain W. De W. Ab- 
ney, R. E., F. R. S. New York : Sco- 
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vill Manufacturing Co., 1882. (Pp. 248. 
Price, $1.00.) 

Captain Abney is one of the most emi- 
nent authorities on photography ; and he 
has done much experimental work of 
great scientific value. Thoroughly versed 
in the chemistry of photograpny, and 
practically familiar with the .details of the 
art, no one is more competent to write a 
book on emulsion photography. 

The work before us is written for prac- 
tical photographers, who, as a class, are 
not chemists or scientific men. Hence the 
author has endeavored to describe the 
various processes of preparing emulsions 
in langruage intelligible to all. We have 
been surprised, in reading this book, to 
find so little theory in it. Its great value 
lies in the numerous recipes for emulsions 
and developers, given so plainly, and with 
such care that the merest tyro ought to 
have no difficulty in preparing them. 

The processes of developing plates pre- 
pared by different methods are given, and 
the action of the various developing solu- 
tions is explained. We cannot give a 
lengthy notice of this book, since it is 
hardly within our province ; but for all 
who wish to learn something of the the- 
ory of photography, as well as how to 
prepare dry-plates, we know of no better 
work. It is a useful book of reference for 
those who are interested in photography 
as amateurs, either in field-work or in 
connection with the microscope. 

The Student* s Manual of Histology for 
the use of Students, Practitioners and 
Microscopists. Second Edition. By 
Chas. H. Stowell, M. D., Asssistant 
Professor of Histology and Microscopy, 
and the Instructor in the Histological 
Laboratory of the University of Michi- 
gan. Illustrated by one hundred and 
ninety-two engravings. Detroit: Geo. 
E. Davis, ISSa. (Pp. 190. Price, $2.00.) 

The first edition of this book was pub- 
lished last year, and was favorably no- 
ticed in this Journal on page 180 of 
Volume II. The new edition only differs 
from the first, so far as we can perceive, 
in having some typographical errors cor- 
rected, and we can only reiterate our 
opinions, more fully expressed last year, of 
the practical value of the book to the 
student of histology. The information 
contained in it is concise, and carefully 
selected to meet the wants of a large class 
of students. We take pleasure in once 
more commmending the work to our 
readers. 



The Domain of Physiology or Nature in 
Thought and Language. By T. Sterry 
Hunt, LL.D., F. R. S. Presented to 
the National Academy of Sciences and 
read before it in Abstract, April, 1881. 
Published in the London, Edinburgh 
and Dublin Philosophical Magazine for 
October, 1881, [V,] XII, 233-253. 
Second and Revised Edition. Boston : 
S. E. Cassino, 1882. (Pamphlet, pp. 28.) 



Exchanges. 

[Exchanges are inserted in this column without 
charge. They will be strictly limited to mounted 
objects, and material for mounting.] 

Wanted, material containing Pleurosigma angula- 
tum, Nitzschia sigmoidia, Frustulia Saxonica and 
Amphipleura pellucida. Mounted diatoms or material 
in exchange. 

T. CHRISTIAN, 
Ko8 Virginia, St., Richmond, Va. 



Rubber cement of my own manufacture, in ex- 
change for good slides. 

EUGENE PINCKNEY, 

Dixon, III. 



Well-mounted sections of Rat*s tongue. Rabbit's 
eye and Cat's muscle for other well-mounted objects. 

F. B. CARTER, 
5x9 Gates Ave., Brooklyn, N. Y. 



On receipt of a well-mounted slide, I will send a 
slide of crystal, (for the polarizer) of any of the rare 
vegetable products which I may have ; will send list 
of same on receipt of postal request. 

J. KETCHUM, Jr., 
P. O. Box 877, New York City- 



Wanted. — Animal parasites, Ixodes, Acari, tv.-, 
either mounted or unmounted. W. A; HYSLOP, 
82 Palmerston Place, Edinburg, Scotland. 



Unmounted objects, Foraminifera, Spicules, Plan^- 
hairs. Zoophytes, etc., in exchange for other objects, 
mounted or unmounted . 

E. PINCKNEY, Dixon, HI. 



Wanted-— First-chiss mounts of double-stained vege- 
table preparations in exchange for first-class insect 
preparations. H. S. WOODMAN, 

P. O. Box 87, Brooklyn, E. D., N. Y. 



Wanted — First-class prepared and crude material, or 
mounted objects, in exchange for diatoms in sttu or 
other first-class crude material, or for mounted objects. 
M. A. BOOTH, Longmeadow, Mass. 



Wanted— Good gatherings of Diatoms, fossil or re- 
cent, especially of test forms. Liberal exchange in nne 
slides ; prepared or rough material. Lists exchanges. 

C. L. PETICOLAS, 635 8th Street, Richmond,Va. 



Good, uncleaned Diatomaceous material containing 
A rachnotdiscus^ Heliopeltay PUurosigma, Isthwia, 
Triceratium,, Surirella ge^nma and "^'^^^yfl^ 
musica wanted, in exchange for well-mounted slia» 
of arranged diatoms, etc., or cash. ^_ ^ 

DANIEL G. FORT, Oswego, N. V. 
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Ainerlcaii Association for the 
Adyancoment of Science. 

SECTION OF HISTOLOGY AND MICRO- 
SCOPY. 

The meeting of the American As- 
sociation for the advancement of Sci- 
ence was held this year at Montreal. 
It began on the 23d of August and 
continued one week. About one 
thousand members attended the 
meeting, and some of the papers read 
were of great scientific value. 

In the section of histology and mi- 
croscopy, as well as in some of the 
other sections, papers were presented 
0^ subjects of interest to microsco- 
pies. In the following report of the 
meeting, notices and abstracts of the 
papers read pertaining to microscopy 
inll be found. 

Prof. Wm. H. Brewer read a paper 
before the section of physics, entitled 

APPARENT SIZE OF MAGNIFIED 
OBJECTS, 

■n which he gave the results of a long 
series of experiments on the apparent 
size of the image formed in the micro- 
scope, as seen by different persons. 
About 440 different persons were 
<luestioned as to the size of the im- 
ages of various objects, but finally a 
sniall insect was selected as the test- 
^^ject. The actual length of the im- 
^ge, as drawn by the camera lucida, 
ys^^g a I J^ -inch objective, was 4.66 
inches, including the antennae, 4.87 ; 
fne diameter of the field was 5.85 
inches. 

The results may be briefly summed 
^P as follows : Of the 440 persons, 
about 41, or 9 per cent., judged the 
size quite correctly ; 82 of them, or 






19 per cent, made the size 4.25 to 5 
inches, which was reasonably good. 
The greater number of persons under- 
estimated the size ; 2 estimated it at 
less than one inch, 7 made it over a 
foot, 45 made it 2 inches, or less, 22 
made it 10 inches. The largest esti- 
mate was by a mechanic, who said it 
looked like a picture projected on a 
screen and it seemed to be five feet 
long. Experience seems to correct 
false estimates, as was illustrated by 
three estimates by a gentleman who 
used the microscope in drawing ; in 
three successive years his estimates 
were respectively 9, 8 and 7 inches. 
The subject was briefly discussed, 
and Mr. LeConte Stevens made a 
few remarks upon the physiological 
aspect of the matter, which will be 
given next month. 

Dr. B. W. Carpenter, of London, 
being present at the meeting, was re- 
quested to address the section of 
microscopy. A large audience assem- 
bled on Friday afternoon to hear the 
views of the eminent microscopist 
upon the subject of the best objectives 
for biological work. He spoke with- 
out notes, and the report given below 
is believed to be as full and as accur- 
ate a summary of his remarks as 
could be obtained without the aid of 
a stenographer's report. 

DR. B. W. carpenter's ADDRESS. 

This address was quite popular in 
character — well-adapted to the audi- 
ence assembled, which included many 
persons not familiar with the micro- 
scope. The speaker said he would 
attempt to give the results of what 
has been going on in Europe and 
America — both practical and theo- 
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retical results — in the history of the 
microscope. He referred to the inves- 
tigations of Prof. Abbe, as having led 
to a knowledge of the principles of mi- 
croscopical optics. In the line of 
delicate investigation Messrs. Dallin- 
ger and Drysdale have watched the 
growth and development of objects 
so inconceivably minute as to have 
been heretofore regarded as invisible. 
They have observed flagella of a di- 
ameter one-tenth the breadth of an 
absolutely immeasurable line. 

American microscopists, he said, 
are now going over the track which 
the English passed over twenty or 
twenty-five years ago, and have now 
abandoned. As we are going now, 
they went and found no valuable re- 
sults to biological research. He had 
lived through the whole period of 
achromatic microscopy in England. 
About 1828-9, when nothing was 
known there of what had been done 
in France, or by Amici, Goring 
stimulated Tulley to make an achro- 
matic lens of J^-inch focus. I saw 
that and was very much impressed by 
it. In London I bought a French 
combination of Chevalier, and ever 
since I have had a microscope — for 
over fifty years. The first advantage 
recognized in the use of achromatic 
lenses was that the angular aperture 
could be increased. With a single 
lens a stop or diaphragm had to be 
used, cutting off the marginal rays, 
but it was soon found that with an 
achromatic lens the whole face of the 
lens could be used, and thus more 
light and finer definition were ob- 
tained. At first the scales of the blue 
Menelaus were used as the finest test ; 
then, when a quarter-inch was pro- 
duced, we began to see parallel, wavy 
markings on the podura scales, which 
was then regarded as a great feat. 
After that came the definition of the 
markings, as we see them at the pre- 
sent time. I still hold the podura scale 
as the best test of an objective for 
biological research. 

For a long time there was a rivalry 
between Ross, Powell & Lealand and 



James Smith as to which should make 
the widest angular apertures. As 
these were increased the diatom-tests 
came into use. Sollitt discovered 
some diatoms which he used as test- 
objects, and it was soon found that 
resolution depended upon angular 
aperture and less upon defining 
power. The biologists still held to 
the podura scale test — they said a 
lens should not only resolve dia- 
toms but also define podura. The 
podura should not be neglected. But 
the manufacturers did not take the 
same view of the subject, and they 
continued to make lenses to resolve 
diatoms. The introduction of dia- 
tom-tests was, however, exceedingly 
valuable. But, besides definition, fo- 
cal depth is required. I have seen it 
stated in some American and French 
publications that any penetration in 
a lens is a great fault. I hold that a 
lens which does not possess that 
quality is inferior. 

Within the last few years we have 
come to understand many things. 
Prof. Abbe has shown that resolution 
is not effected in the manner hereto- 
fore supposed — that diffraction spec- 
tra take part in resolutiop. Now we 
understand why angular aperture is 
valuable. Prof. Abbe has come to 
the same conclusions I have advocat- 
ed for thirty years — that it is impos- 
sible to have focal depth and very 
wide angular aperture. Increased 
angle has given great power of reso- 
lution ; but what else ? Nothing at all. 
Angle can only be obtained by les- 
sening working distance. The result 
is, we see nothing but what is in the 
focal plane. It is well and service- 
able to apply such lenses to verify a 
thing you have already worked out. 
Drs. Dallinger and Drysdale used a 
power of 4,000 diameters, and watched 
the swelling out and growth of mere 
unmeasurable particles. This is high 
biological work, and Mr. Dallinger 
assures me that it could not be done 
without penetrating power. Mr. Dal- 
linger is perfectly sensible of the 
value of different kinds of objectives 
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for purposes of verification. He has 
a battery of lenses of narrow and wide 
angles. The best lenses have as large 
an angle as is compatible with re- 
quisite focal depth. 

One point I wish to impress upon 
American microscopists. It has been 
claimed that low powers of high angle 
are equal to higher powers ; that a -^ 
with wide angle will do everything. 
It will resolve tests, but its continued 
use will injure the eyes. I never per- 
ceived any injury to my eyes, not- 
withstanding that J. Edwards Smith 
said that my eyes were failing because 
I could not see the difference be- 
tween wide and narrow angles. Dr. 
Dallinger believes if he had worked 
with a }i instead of a ^ he would 
have injured his eyes. I remember 
the first ^ by R. Beck. It was a 
good glass. To work up a -^ to 150® 
destroys its value. I hear of Ameri- 
cans making one-inch objectives up 
to great angles, for which the society- 
screw is too small. This makes a 
very bad J^ and spoils it for a one- 
inch. This conclusion is in entire 
conformity with the mathematical re- 
salts of Abbe. I have only stated the 
conclusions we have generally come 
to on the other side. High -power 
eye-pieces are valuable for testing ob- 
jectives. A good two-inch should 
resolve the podura scale, with suffi- 
cient magniftcation from the eye- 
piece. For ;^io or;^i2a good set 
of English objectives up to a -jV-inch 
can be obtained, which is about the 
cost of a single -^ by an American 
maker. 

In reply to a question of Dr. Tut- 
tle, Dr. Carpenter stated that the -g^ 
used by Dr. Drysdale was a dry lens 
of 140". 

Prof. Burrill asked if Dr. Carpenter 
intended to say that a high-angle lens 
of high power was only good for the 
resolution of lines. In reply, it was 
stated that the fiagella of Monas termo 
would probably not have been found 
without the wide-angle lens, but now 
they are known to exist, they have 
been seen better with a lower angle. 



In illustration of his position, Di. 
Carpenter also referred to some obser- 
vations with low powers of wide and 
narrow angles used with the binocu- 
lar, and instanced the structure of 
the diatom Isthmia as revealed by a 
Zeiss* % of 40® with the binocular 
In speaking of the advantages of bin- 
ocular microscopes, he mentioned as 
a very beautiful object, a transparent 
injection of brain, which, when once 
seen with a low angle and binocular, 
would never be looked at in any 
other way. 

He also mentioned a trial of two 
J^-inch objectives, by different 
makers, of 90^, which he desired to 
use for the study of Polycystina, The 
perspective was so greatly exagger- 
ated that they could not be used. He 
procured stops which respectively re- 
duced the angle to 60" and 40**. With 
the full aperture of 90® the object 
appeared like the small end of an egg, 
with the stop of 60® it appeared 
like the large end of an egg, with 
the stop of 40® the perspective was 
true. A J^-inch of 40** was then or- 
dered of Powell & Lealand, who were 
at first unwilling to make such a low- 
angle glass, but finally did so, and at 
a soiree of the Microscopical Society 
it was exhibited beside the 90° lens, 
and the difference between them was 
so striking as to attract universal at- 
tention and commendation of the 
low-angle lens. 

Dr. William Osier read a short ar- 
ticle on 

MICROCYTES OF THE BLOOD 

and their probable origin. In brief 
he said : Microcytes are exceedingly 
minute, red blood-corpuscles about 
g ^ of an inch in diameter, which 
are met with in the blood of em- 
bryos and of the new-born, occasion- 
ally in small numbers in the blood of 
healthy individuals, in certain di- 
seases, particularly the severer forms 
of anaemia, and after hemorrhage. 
No satisfactory explanation has been 
given of their origin. The author has 
seen their production in the spleen- 
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tissue and in the bone-marrow by a 
sort of budding from the ordinary red 
blood-corpuscles. In the conditions 
above mentioned, particularly after 
hemorrhages and in profound anae- 
mia, the red corpuscles often present 
great irregularities in outline. In 
fresh specimens of spleen and bone- 
marrow the author has seen these lit- 
tle particles become detached from 
the blood-cells moving about in the 
currents on the slide, and when so de- 
tached presenting all the characters 
and appearances of the microcytes. 

Papers were also read by Dr. Osier 
on The Third Corpuscular Ele- 
ment in the Blood," and " The De- 
velopment of Blood-corpuscles in the 
Bone-marrow ; " and one by Prof. 
William Libbey on ** A New Form 
of Constant Injection Apparatus." We 
regret not to have abstracts of these 
papers, which, although very short, 
were valuable. 

Dr. Osier also read a valuable pa- 
per entitled 

DEMONSTRATION OF THE BACILLUS 
OF TUBERCULOSIS. 

This paper was illustrated by two 
slides — one of the bacillus of tubercle 
stained and mounted, the other the 
bacillus of anthrax, also stained, 
shown for purposes of comparison. 
The difference in size between the 
two forms was striking. 

The process of demonstration de- 
scribed, was substantially as follows : 
The substance to be examined, after 
drying on the cover-glass in the 
usual manner, is first treated with 
caustic potash. The bacilli are then 
visible, but to render them more 
distinct, and to distinguish them 
from a-ny other forms that may be 
present, the cover is flowed with a 
solution of anilin violet, which stains 
all the other bacilli, but leaves the 
organism in question quite colorless. 
The preparation shown was not 
made by this process, for in it the 
bacilli were stained. 

Dr. Louis Elsberg, of. New York, 
read a paper entitled 



PLANT- " CELLS " AND LIVING 
MATTER. 

This article was merely a continua- 
tion of a series of contributions 
which have been emanating from a 
few gentlemen in New York City, dur- 
ing several years, of which no notice 
has heretofore been taken in these col- 
umns for the reason that the Editor 
has not wished to assist in the dissem- 
ination of speculations, which, he is 
convinced, are based upon erroneous 
interpretations of facts even if the 
observations themselves should prove 
to be correct. However, now that 
the subject has been brought up and 
discussed before the section of the 
Association, it demands at least a 
passing notice here. Throwing aside, 
for the present, the account of. some 
observations on plant-structure which 
the author described, and which only 
the want of suitable notes prevents 
us from giving in detail, we pass to 
the essential feature of the paper, 
which was the exposition of the " bio- 
plasson theory.'* The bioplasson 
theory is opposed to the theory of 
cells. All living matter — bioplasson 
— is supposed to be made up of re- 
ticulations of living substance with 
inert matter filling the reticulum. 
It is said that the reticulum can be 
easily demonstrated by microscopic 
observation — that one has only to 
look for it and it will be found — that 
it exists in the white blood-corpuscle, 
and in the amoeba, and can be seen 
in them without the use of reagents. 
In the paper referred to the author 
assumed this to be true, and nothing 
in the paper would lead one to doubt 
that it was a doctrine universally up- 
held by biologists. But after the 
paper was read, and some com- 
plimentary words had been spoken 
for the author, the Editor of this 
Journal, arose and protested against 
the general acceptance of views so 
radically at variance with previous 
knowledge and observation, until they 
have been thoroughly examined. He 
called in question the very existence 



1882.J 



MICROSCOPICAL JOURNAL. 



165 



of the net- work, and declared that it 
could not be seen under the circunj- 
stances mentioned. Dr. Carl Seiler, 
while not declaring against the doc- 
trine advanced, desired to be in- 
formed just how the net-work could 
be found. He had looked for it, but 
never seen it. His questions were 
met by evasive, or very general, re- 
plies, until they were put in such 
form as required direct answers to 
the specific points. The result of 
the whole discussion was that Dr. 
Elsberg declared the net-work to be 
easily seen, while others, who had 
looked for it, doubted its exist- 
ence. 

We feel disposed to regard one 
course of argument followed by the 
author of the paper, as quite unbe- 
coming in a gathering of scientific 
gentlemen. In fact, it may justly 
be regarded as decidedly impertinent 
to come provided with a number of 
standard and elementary works on 
botany, and assuming, if not, indeed, 
declaring, that those who are at 
vaiiance with him are ignorant of the 
contents of those works, challenge 
tkm to look and see what he has 
described confirmed by drawings by 
observers of unquestioned ability and 
skill. Properly enough, the insult 
was unnoticed, although fully recog- 
nized. 

Realizing full well that an attempt 
on our part to present the merits of 
this subject at length, might not be 
entirely satisfactory to the supporters 
of the "bioplasson" doctrine, we 
offer them the free use of these 
columns for a fair presentation of the 
doctrine before the microscopists of 
the country, if they deem it desirable, 
with the understanding that the sub- 
ject be treated as concisely as pos- 
sible, so as not to occupy too much 
space. 

Dr. Henry C. Marcy spoke on the 
"Histology of Uterine Fibroid Tu- 
mors "^ which he illustrated with 
photo-micrographs. 

Prof. T. J. Burrill then presented 
his paper on " Some Vegetable Poi- 



sons," an abstract of which will be 
printed next month. 

A most valuable and interesting 
paper was read by Prof. W. A. 
Rogers, which will doubtless be pub- 
lished in full in the Journal oi the 
Royal Microscopical Society. The 
following abstract covers most of the 
ground of the original paper : — 

In offering a communication upon 
the subject of ruling fine lines on 
glass I am not unmindful ^of the fact 
that I am entering a field in which I 
acknowledge a master. Since the 
death of Nobert, Mr. Fasoldt, of 
Albany, stands first in the art of fine 
ruling. I have confined my attention 
to an attempt to subdivide any given 
unit into sensibly equal parts. I have 
been led to take up the subject of fine 
rulings anew, by the claim of Mr. 
Fasoldt, that he has succeeded in rul- 
ing lines one million to the inch, and 
especially by his claim that the 
spectrum of such bands, is an evi- 
dence of the reality of the separate 

1|M^M ^W ^W ^« ^^ ^W ^W ^W ^K ^» 

When a diamond is ground to a 
knife-edge, this edge is composed of 
separate crystals, and a perfect line 
is only obtained when the ruling is 
done with a single crystal. When a 
single crystal does all the work, the 
line ruled is densely black. It is not 
a simple scratch — an abrasion of the 
surface. A portion of the glass sur- 
face is probably always removed to 
a greater or less extent. In many 
cases the glass is thrown up as a 
plough turns up a furrow. Sometimes 
the surface is covered with filaments 
thrown off by the diamond, which are 
removed by rubbing the surface, at 
other times the filaments take a spiral 
form. In a certain condition of the 
diamond-point, the lines ruled appear 
black and clear along one edge, but 
by rubbing, the glass, which seems to 
have been turned up in a furrow, is 
removed, and then the lines appear 
as mere scratches. 

To rule lines finer than 10,000 or 
20,000 to the inch, requires a dia- 
mond-point that has been used a 
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long time — ^until it has acquired a 
knife-edge parallel with the line of 
motion, in which only a single crystal 
does the cutting. For fine lines the 
point improves by use. * * * * 

If Mr. Fasoldt's claim is reduced 
by about one half, I am by no means 
sure, but it may be realized. But 
what evidence have we that it is pos- 
sible to see lines of this degree of 
fineness ? 

In the matter of limit of resolution, 
it must be admitted that little or no 
progress has been made since the 
resolution of Nobert's 19th band. * 
* * I cannot learn that any one has 
yet succeeded in photographing a 
Fasoldt plate as high as 100,000 to 
the inch. With due respect for the 
honest belief of several microscopists 
who claim to have resolved Fasoldt's 
bands as high as 152,000 to the inch, 
I yet hold to the opinion that in 
no case has the resolution been proven. 
There is only one test which is abso- 
lutely decisive — that of ruling a 
definite number of lines in a band, 
and keeping the number secret until 
the microscopist can give the correct 
count, not merely in one instance, 
but in several. * * * The ap- 
parent number of lines in coarse 
bands can be varied. Can any one 
offer a reason why there should not 
be a similar variation in fine bands ? 
In certain cases there is no certainty 
that the lines are actually cut in the 
glass. There is often an appearance 
of perfect lines, but they disappear 
when the surface is rubbed. Mr. 
Hitchcock, in a recent number of his 
Journal, has made the claim that re- 
solution has, to a certain extent, 
ceased to be a test of the quality of 
an objective. I presume this claim 
will be found to have some founda- 
tion in fact. For the last ten years 
we have only the assertion of resolu- 
tion, but not the proof. It is time 
the proof should accompany the as- 
sertion. I insist that the simple 
vision does not afford the required 
proof. * * * Before we can 
safely assert that observation has 



gone beyond theory, we must be pre- 
pared to offer evidence which can be 
placed upon record, discussed, and 
impartially weighed. * * * Let 
us have a test which will forever set 
at rest this vexed question of resolu- 
tion. * * * Let Mr. Fasoldt rule 
three plates, under as nearly the same 
conditions as possible except in the 
number of lines in the different bands 
of each plate. Let him label each 
plate, and accompany it with a fall 
description of the number of lines in 
each band. Let these plates be sent 
to any gentleman in whom the great 
body of microscopists have confi- 
dence as eminently qualified to con- 
duct an investigation of this kind. 
Let whoever receives the plates re- 
move the labels of Mr. Fasoldt, and put 
in their place labels whose significance 
is known only to him. Then let those 
gentlemen who think they have re- 
solved 152,000 lines to the inch 
make their count of the lines in each 
band, and send in their reports. Let 
the plates also be photographed and 
let the number of lines be counted. 
Then let the results of these investi- 
gations be published. If all sub- 
stantially agree in the count, this will 
end discussion. 

The paper concluded with an ac- 
count of some experiments with very 
fine single lines. Lines too fine to be 
seen singly with the microscope can 
be resolved if ruled close together in 
bands. Single lines estimated to be 
TiTiiinr o^ a-^ i^^cb are readily seen by 
the naked eye, and even lines rjrr^W 
of an inch in width can be seen with- 
out a microscope. A plate was shown 
with the coarser lines ruled upon it, 
and which were easily seen by every 
one who tried to find them. 

The following is an abstract of a 
paper read by Dr. Thomas Taylor :— 

THE HOUSE-FLY AS A CARRIER 
OF CONTAGION. 

About eighteen months ago, while 
dissecting the head of a common 
house-fly, I observed a very minute, 
snake-like animal, a species of anguil- 
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lula, moving out of the posterior end of 
its proboscis, which was ruptured. It 
measured aboi^t eight one-hundredths 
of an inch in length by two one- 
thousandths of an inch in diameter. 
Subsequently I determined to ascer- 
tain the interior dimensions of the 
suction-tube, or proboscis, of the 
house-fly, for the purpose of compar- 
ing it with the diameter of this para- 
site. Placing a fly which I had as- 
phyxiated with naphthaline on a glass 
slide, and securing it on its back by 
aieans of thick gum, I was able to 
measure the parts and observe all the 
movements of its proboscis, and 
found its suction-tube to be of suffi- 
cient diameter to admit of taking up 
the spores of cryptogams, trichinae, 
the eggs of anguillula, or even the 
anguillulae themselves. 

Noticing a violent commotion in 
l^e abdomen of the fly thus operated 
on, I became convinced that one or 
^ore of the anguillulae were present 
w the abdomen, and were the cause 
ohhe unusual movements observed. 
^^ removing the head of the fly, a 
Me/y anguillula was seen moving out 
from one of the ruptured ends of the 
esophagus. The animal was quickly 
secured, and placed under a glass 
cover in a drop of water, where it ex- 
hibited very lively eel-like or snake- 
iike motions. Shortly a second ap- 
peared, when all commotion in the 
abdomen ceased. 

Of the genus anguillula there are 
upwards of one hundred known spe- 
cies. * * * 'pjjg species I have 
found in the house-fly exhibits difl"er- 
^^t internal structures, in some re- 
spects, from any others that I have 
yet examined. * * * 

The facts above stated suggested to 
^y mind the importance of institut- 
ing a series of experiments to ascer- 
tain whether house-flies might not be 
^^niers and distributers of germinal 
^irus. I have found in the proboscis 
ot a single house-fly thirteen of the 
^'^imals already mentioned in a per- 

ectly developed condition, and on 
^^ thorax of another I have found 



sixteen living parasites of the genus 
acarus. ♦ ♦ * 

To test practically the question 
whether flies may become the carriers 
of contagious ^erms, I instituted a 
series of experiments. In a glass re- 
ceiver having a capacity of about five 
gallons of air, I placed several hun- 
dred house-flies which had been 
caught in an ordinary fly-trap. With- 
in the receiver was placed a quantity 
of the spores of the red rust 
of grasses {lyicholomd). The flies 
at flrst did not seem to esteem 
the spores as suitable food, but on the 
morning of the third day I found 
that the rust was replaced by larvae 
and remains of eggs of the common 
house-fly. 

The eggs were deposited and 
hatched between Saturday noon and 
the following Monday morning, 
9 o'clock, or in about forty-eight 
hours. On the following day I placed 
in the receiver about a quarter of an 
ounce of the same description of 
spores combined with sugar. The flies 
partook of this confection, consum- 
ing the sugar and most of the spores. 
In about twenty-four hours after 
the flies had partaken of this mix^ 
ture I killed and dissected a number 
of them, and found the small intes- 
tines intensely colored, of a deep red- 
dish orange shade, representing the 
digested spores of tricholoma. I ob- 
served in the contents a few well- 
defined orange spores, but none of 
them appeared to have germinated. 
Fastened between the hairs on the 
limbs of each of the flies examined I 
found a number of the spores, and the 
efforts of the fly to get rid of them 
only resulted in attaching them more 
firmly to it. They might, however, be 
brushed off by objects with which 
they were brought in contact, while 
their germinating powers would long 
outlast the life of the insect itself. It 
was evident from this experiment that 
flies were capable of conveying such 
spores to plants and other bodies. 
On the other hand, the fact that by 
far the greater part of the spores were 
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consumed, in the one case by the lar- 
vae of the fly and in the other (i'. e., 
when mixed with sugar), by the fly 
itself, shows that this insect may de- 



vegetable tissues for section cutting, 

while it has many advantages over 
all other devices employed for the 
same purpose. 

Microscopists who are interested 



mei 
the 



ir's freezing microtome. 
This microtome presents all the 
advantages of any plan heretofore 
employed in hardening animal or 



auvantagcs lo ue 

obtained by the use of this microtome 
are, ist, great economy in the method 
of freezing, and, ad, celerity ai"* 
certainty of freezing. With an m- 
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penditure of twenty-five cents, the 
tissues to be operated on, can be 
kept frozen for several hours at a 
time. Small objects immersed in 
gum solutions, are frozen and in con- 
dition for cutting, in less than one 
minute. 

The method of using this micro- 
tome can be understood by reference 
to the illustration. A represents a 
revolving plane, by which the thick- 
ness of the section is regulated, in 
the centre of which an insulated 
chamber is secured for freezing the 
tissue. It resembles a pill-box con- 
structed of metal. A brass tube en- 
ters it on each side. The larger one 
is the supply tube, and communicates 
with the pail a^ situated on bracket x, 
by means of the upper tube /. To 
the smaller brass tube is attached the 
rubber tube / b^ which discharges the 
cold salt water, into a pail placed 
under it. (See b,) The sa't and 
water, as it passes from pail a to 
pail b, is at a temperature of about 
zero. The water should not be allow- 
ed to waste. It should be returned 
tofhe first pail for continual use, or as 
long as it has freezing properties. As a 
matter of further economy, it is neces- 
sary to limit the rate of exit of the 
freezing water. This is regulated by 
nipping the discharge-tube with the 
spring clothes-pin supplied for the 
purpose. Should the cold within the 
chamber be too intense, the edge of 
the knife is liable to be turned and 
the cutting will be imperfect. When 
this occurs the flow of water through 
the chamber is stopped by using the 
spring clothes-pin as a clip on the 
upper tube. In order to regulate the 
thickness of the tissue to be cut a 
scale is engraved on the edge of the 
revolving plate A^ which, in conjunc- 
tion with the pointer ^, indicates the 
thickness of the section. 

Prof. D. P. Penhallow read a paper 
"On Some Peculiarities Incident to 
the Diseases of Fruits," of which we 
have no abstract. The paper treated 
mainlv of the results of chemical 
analysis. 



Mr. C. £. Hanaman described a 
" Filtering Wash-bottle ^Especially 
Adapted to the Use of the Histolo- 
gist." It is intended to hold the re- 
agents and staining fluids in common 
use. It consists of a Wolfe's bottle 
with tubes arranged as in a chemist's 
wash-bottle, so that when air is forced 
into one tube the fluid is forced out 
of the other. The first tube is pro- 
vided with a rubber pressure-bulb 
for compressing the air ; the second 
supports a filtering tube filled with 
cotton, so that the reagent is always 
obtained free from suspended 
particles. 

Mr. J. H. Pillsbury read a very in- 
teresting article, which was a portion 
of a more comprehensive paper, "On 
the Development of Cilia in the 
Planula of Clava ieptostyla" We hope 
to print this contribution in a future 
number, but it requires illustrations 
which cannot be prepared in time for 
this issue. 

Prof. W. H. Seaman, read a paper 
of which the following is an abstract 
prepared by the author : — 

A FUNGUS ON THE LEAVES 
OF PEAR TREES. 

In 1865 and 1876 my attention was 
directed to numerous small, black 
dots with which the leaves of pear 
trees in the vicinity of Washington 
were covered. A slight examination 
showed me that the fungus (for such 
the dots proved to be), was as yet 
undescribed in the books, and I im- 
mediately endeavored to ascertain if 
it had been previously seen by ob- 
servers. After some correspondence, 
I found that the Rev. J. L. Zabriskie, 
of New Baltimore, New York, had 
specimens of similar character, col- 
lected by Rev. R. G. Strong, in 1873, 
on the leaves of quince. Mr. Zabris- 
kie published a short description of 
his specimens on little slips of paper, 
which he distributed to a few friends, 
and which so far as I know, is the 
only printed notice of this pest. The 
slip is as follows : — 

Blastesis, new genus. — Perithecia 
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concealed, with central orifice. Spores 
compound^ oozing in a minute 
pustule. 

Blastesis tridenSy new species. — 
Spots scattered, circular, black, 
pierced by the oozing mass of spores ; 
spores unisiptate, fiddle-shaped, hya- 
line, the upper one furnished with a 
long, straight or fiexuous seta, a pair 
of smaller cells budding out, one from 
either side of the deep constriction of 
the septum, each also furnished with 
a long seta ; nuclei large ; pedicels 
fugacious, short or wanting. Autumn. 

The above generic description does 
not distinguish the genus from many 
others of similar character. The fun- 
gus on the pear usually appears as soon 
as the leaves are fully developed, on 
the upper side exclusively, and some- 
times exhausts the leaf so that it drops 
off and dies, and in one case caused 
the death of an Arbre courbe tree by 
repeated defoliation. Usually, how- 
ever, it seems to disappear about 
July, and is not again seen during the 
season. 

The Montreal Microscopical Club 
extended an invitation to the section 
of Histology and Microscopy to at- 
tend a meeting of the Club at the 
building of the Natural History Soci- 
ety, on Monday evening, August 28th. 
The members of the Club proposed 
to give " a practical demonstration of 
various modes of illumination.'* Sev- 
eral pieces of home-made apparatus 
were exhibited by Mr. Miller, among 
them a spot-lens with a movable stop, 
and a Kelner eye-piece arranged with 
a revolving diaphragm for use as a 
condenser. Dr. Baker, the Secretary, 
made some demonstrations to show 
the value of ground glass to modify 
the light on certain objects. Dr. 
George Wilkins, of Bishop's college, 
exhibited a fine lot of Zeiss' micro- 
scopes and accessories, and a form of 
freezing microtome which had given 
him excellent results. 

Dr. B. W. Carpenter was invited to 
address the meeting, and he spoke 
for some time on the subject of mi- 
croscopes, and then gave an account 



of studies on the Eozoon canadense^ 
after which he exhibited some fine 
specimens of that structure, under 
microscopes. 

Mr. L. R. Sexton was present with 
some of Mr. Gundlach's latest work, 
but, unfortunately, most of the time 
he was too ill to exhibit it. We had 
the pleasure of meeting there Mr. 
Carl Lomb, who had with him a fine 
lot of apparatus from the Bausch & 
Lomb Optical Co. We were greatly 
pleased v.'ith the new large stand of 
those makers, and intend to illustrate 
it soon in these columns. 



The American Society of Micro- 

scopists. 

The fifth annual meeting of this 
Society was convened at Elmira, N. 
Y., on the 15th day of August, 1882. 
At half-past two o'clock Dr. S. 0. 
Gleason, the President of the Elmira 
Society, opened the proceedings by 
an informal address of welcome to the 
members assembled. Dr. George E. 
Blackham, the President of the Ameri- 
can Society of Microscopists, replied 
to this address, and, after declaring 
the meeting duly opened, he present- 
ed his annual report, as President. 
We make the following abstracts 
from the report : — 

THE president's REPORT. 
* Hs « ««««:««:«•* 

" When I was honored by election 
to the presidency of this Society at 
Columbus, O., last August, it was 
quite apparent that a crisis had been 
reached which demanded prompt 
and energetic action, and justified 
some departures from conventional 
methods. 

" My first official act was to call a 
meeting of the Executive Committee 
at the house of the Secretary, Pro- 
fessor Kellicott, in Buffalo ; the next 
was to issue a circular to members, 
giving a list of the newly-elected 
officers and their addresses, and offer- 
ing some suggestions as to prepara- 
tions for the present meeting. I pre- 
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pared a circular and question-blank to 
makers and dealers in microscopes 
which, with the approval of the Com- 
mittee on eye-pieces, was printed and 
sent out by the Secretary. Several 
additional meetings of the Executive 
Committee have been held, and by 
means of various circulars in addition 
to the above, sent out either by the 
Committee or myself personally, and 
a somewhat extended correspondence, 
I have managed to keep myself in 
constant communication with our 
widely scattered membership, as well 
as with a number of working micro- 
scopists not yet affiliated with us. 
* * * The Committee on eye- 
pieces, having fully considered the 
matter, determined first to get to- 
gether as much information as possi- 
ble, and with that end in view, took 
action as already stated, requesting 
that replies be sent to Dr. R. H. 
Ward, its Chairman, to whose very 
competent hands the preparation of 
the report has been entrusted. 

" It has been found to be quite im- 
possible to deal finally with this sub- 
ject at the present time, but the re- 
port of progress will, we believe, 
prove interesting and suggestive, and 
show the advisability of continuing 
the Committee for another year. * * * 

" The prize offered by Mr. E. H. 
Griffith, for the best paper on the adul- 
teration of some important article of 
food or medicine and its detection by 
means of the microscope, having been 
formally accepted by the Society, a cir- 
cular was issued by order of the Ex- 
ecutive Committee, giving information 
as to terms of competition, etc. An- 
other valuable prize was offered by 
Prof. Stowell, editor of The Micro- 
scope^ but after consultation with mem- 
bers of the Executive Committee, I felt 
obliged to decline it, for the reason, 
among others, that there was not suf- 
ficient time to get the matter properly 
before the members, and allow of a 
satisfactory preparation of papers. I 
recommend that this whole subject of 
prizes be taken up, and that the fixed 
policy of the Society in regard thereto 



be decided upon and announced. It 
will require careful consideration, as 
there is much to be said both for and 
against the practice." 

At the conclusion of the report the 
regular order of business was taken 
up. New members were elected, and 
the reading of papers was begun. In 
giving the brief notice of abstracts 
of the papers read it should be stated 
that they are founded upon the reports 
published in the newspapers of Elmi- 
ra, many of which are quite errone- 
ous ; but until the Society recognizes 
the disadvantage of withholding from 
publication all papers read before it 
until they appear in the Proceedings^ 
after a lapse of six or nine months, 
we do not see how we can give per- 
fectly satisfactory accounts of the 
meetings to our readers. Neverthe- 
less, we will endeavor to do justice 
to all concerned with such informa- 
tion as is available, and in the course 
of a short time the difficulties now in 
the way will surely be removed. 

Prof. D. S. Kellicott read the first 
paper — on " Certain Crustaceous 
Parasites of Fresh-water Fishes." Of 
this we have no account. Dr. Red- 
ding presented a contribution treating 
of the use of osmic acid for staining 
and hardening. Mr. C. M. Vorce 
spoke of the organisms observed in 
the water of lake Erie — ^a subject 
which, as our readers well know, Mr. 
Vorce has been studying for several 
years. In the evening President 
Blackham delivered his address. The 
subject was : " The Evolution of the 
Modern Microscope." The following 
abstracts are taken from the Ad- 
dress : — 

"The earliest employment of the 
microscope as an instrument of scien- 
tific research, though traced back 
definitely to the latter part of the 
sixteenth or the beginning of the 
seventeenth centuries, cannot now be 
assigned with any degree of certainty 
to any one individual or country, 
even. * * * Zacharias J an sen 
& Son, of Amsterdam, are said to 
have manufactured them as early as 
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1590, and it is believed to have been 
one of their instruments that he 
brought with him to England. It 
was an imposing affair ; a copper 
tube six feet long containing the len- 
ses ; and was mounted upon three 
brass dolphins; which rested upon a 
base of ebony. * * * In 1856, 
Dr. Robert Hooke, of London, pub- 
lished his famous work entitled * Mi- 
crographia Illustrata/ in which he 
describes and illustrates an immense 
number of objects, as seen through 
the imperfect instruments of his day ; 
and he describes a method of con- 
structing lenses of great magnifying 
power in the form of tiny globules of 
glass. He also seems to have been 
the first to avail himself of the prin- 
ciple of immersion. * * * But 
the honor of being the first really 
scientific microscopist should no 
doubt be accorded to Antony Van 
Lewenhoek, whose numerous highly 
important discoveries were all made 
with the most primitive instruments, 
constructed by himself, consisting 
(not of spheres or globules), but for 
the first time of a double convex 
lens, provided with arrangements 
for holding the object and regulating 
its distance from the lens. * * * 
His labors in the field of human, 
histology were also very great and 
fruitful, including as they did, inves- 
tigations into the minute structure of 
the nerves, the discovery of the 
capillaries and the like, and when we 
consider the difficulties under which 
he labored, we may well be amazed 
at the extent and general accuracy 
of his discoveries. * * * Df. 
Robert Hooke, however, was the 
first to use a compound microscope 
consisting of a simple objective, a 
simple eye-lens and an intermediate 
lens, which latter, however, was in- 
serted only to enlarge the field of 
vision, not to increase its power. An 
Italian, Eustachio Divino, construct- 
ed an instrument whose tube was 
* as large as a man's leg,' and with 
an eye-piece *as broad as a man's 
hand,* consisting of two plano-con- 



vex lenses, somewhat after the man 
ner of Ramsden's positive eye-piecej 
used sometimes at the present day 
for micrometric work. This micro* 
scope could be drawn out to foul 
lengths, giving magnifying powers oi 
41, 90, III and 143 diameters res« 
pectively. A few years later a com< 
patriot of his, Fillippo Bonani, firs{ 
made use of rack and pinion fof 
purposes of adjustment, and of a 
substage condenser for improving 
the illumination. During the follow- 
ing century improvements were con- 
stantly made in the construction and 
mounting of the -simple micro- 
scopes ; the most important, perhaps, 
being that of Nathaniel Lieberkuhn, 
of Berlin, who placed his object-lens 
in the centre of a highly polished 
concave speculum, by means of which 
a strongly concentrated illumination 
is reflected upon the upper side of 
the object. This method of illumina- 
tion, as adapted to the modern com- 
pound microscopes, is still used with 
apparent satisfaction by some micro- 
scopists of the British school. Sir 
Isaac Newton, was the first to 
propose a reflecting microscope; 
but little seems to have come either 
of his, or of any of the numerous 

subsequent designs of this character. 
**«* * * * * * * * 

" Lieberkuhn also constructed the 
first solar microscope for projection 
of magnified objects upon large 
screens ; and the same was equipped 
with the movable mirror, to admit of 
its protracted use by a Mr. Cuff, of 
London, where Lieberkuhn first ex- 
hibited his invention. But the high 
hopes engendered by it were never 
realized, partly, no doubt, on account 
of its dependence upon direct sun- 
light — always an uncertain factor 
especially in England — but more 
particularly because it can only dis- 
play the shadow of things, instead of 
the objects themselves. It still sur- 
vives, however, in a modified and 
improved form, as the oxy-hydro and 
electric light projection microscopes 
which, though valueless, for the pur- 
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poses of original investigation, are of 
great use for the demonstration of 
certain classes of objects, to large 
numbers at one time. 

"A certain Mr. Marshall appears 
to have constructed the first com- 
pound microscope, according to our 
modem conception of the term. * 
* * Yet as late as 1821, we find 
the great French philosopher, Biot, 
insisting that 'opticians regard the 
construction of a good achromatic 
microscope as impossible,' and at the 
same time Dr. Wollaston — the highest 
authority upon this subject then in 
England — gave it as his opinion * that 
the compound microscope would 
never rival the single one,' * * ♦ 
yet in less than two years thereafter 
two French opticians, Selignes and 
Chevalier, produced the reducHo ad 
^lurdum of all this h priori theoriz- 
ing in the shape of compound achro- 
matic objectives, consisting each of 
\wo or more pairs of lenses, each 
pair in turn, consisting of a double 
tonyex glass ; and four years later 
^ffiici produced an achromatic 
combination, surpassing anything 
previously constructed in this line ; 
^nd from that time on, the principle 
o{ combining two or more lenses, so 
shaped and adjusted as to correct 
^ach other's errors, was firmly estab- 
lished. * » ♦ To the discoveries 
0^ Joseph Jackson Lister, and their 
practical application by working op- 
ticians, like Andrew Ross and Smith, 
Q^ London, we owe the production 
of compound objectives of wide 
aperture, flatness of field, and above 
jll» of highly perfected definition. * 
Then followed in rapid succes- 
sion improvement upon improvement; 
|he immersion principle was utilized 
\A.mici and Hartnack) ; the aberra- 
tion produced by the cover-glasses 
corrected (Ross) ; the angle of aper- 
ture increased to 135 degrees, which 
^^ a long time was held to be 
^ne largest attainable. Meanwhile, 
there had grown up, in a little 
^^^It of this State, a young man of 



a scientific and practical turn of mind, 
who had taken up for himself, and 
by himself, the study of optics, and 
had even in his boyhood, made with 
his own hands, a microscope and 
some telescopes, and later on had 
done, though without much encour- 
agement or patronage, good work as 
a microscopist too. Reading Ross' 
paper, and not feeling satisfied 
with his theoretical reasoning, he soon 
brought forth practical proof of the 
correctness of his own instincts by 
manufacturing a dry one-twelfth 
inch objection of 146^ aperture. 
This young man was Charles A. 
Spencer. The lenses which were 
believed to have so nearly attained 
the limit of perfection, fifteen years 
ago (resolving Nobert's fifteenth 
band, /. e. lines i-9i,oooth of an inch 
apart) are antiquated now, and the 
theoretical limit of perfection has 
thus moved forward and forward like 
the horizon, and seems destined ever 
to recede. Thus Surgeon General 
Woodward, of the navy, has since 
resolved the entire nineteenth band 
on the same plate." 

We have felt obliged to omit a con- 
siderable portion of this address, 
partly for want of space, and partly 
because of a few minor errors of fact 
which have crept in, and which should 
be corrected before the address is 
published in full. 

Mr. Henry Mills read a paper on 
the fresh -water sponges. He review- 
ed their classification by Carter, and 
referred to the labors of Prof. Kelli- 
cott, of Buffalo, and Mr. Potts, 
of Philadelphia, in connection with 
American sponges. 

Mr. Ernst Gundlach presented a 
paper on " Light and Illumination," 
which seems. to have stirred up quite 
a discussion between some of the 
members. Probably Dr. Gleason 
summed up the question in a manner 
satisfactory to all, when he stated it 
as follows : " Do we see what we 
see, or don't we see what we see, or 
do we see what we don't see?" It 
seems no one can tell in every case yet. 
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Dr. A. M. Bleile read a paper en- 
titled " The Effects of Division of the 
Vagii upon the Heart," and Dr. M. L. 
Holbrook described the terminations 
of the nerves in the liver. His inves- 
tigations fully upheld the views of 
Nesterowsky, that the nerves termin- 
ate in the capillaries. This paper led 
to some discussion, but mainly upon 
another subject, viz. : the so-called 
net-work structure of the blood-cor- 
puscle, which was supported by Drs. 
Barrett and Holbrook, but not by 
the other members. 

Dr. George C. Taylor exhibited a 
form of the Hitchcock lamp well 
adapted for microscopical use, and 
Mr. W. H. Walmsley read a short 
paper on micro-photography, and 
photographed the proboscis of a fly 
at the meeting. 

Prof. H. L. Smith read a memoir 
of the late Charles A. Spencer, the 
opening paragraphs of which we 
quote : — 

CHARLES A. SPENCER. 

" Since our last meeting, one of our 
most distinguished associates, one 
who has been justly considered as the 
pioneer of scientific optics in this 
country, has been taken from us. 

" Mr. Spencer was, in the truest ac- 
ceptation of the word, a genius. Life 
was not to him a contest for the pos- 
session of what the world commonly 
calls gain. No man was ever more 
indifferent to this than he. From his 
boyhood he seems to have had an all- 
controlling idea, a self-consciousness, 
which seemed but conceit to those 
who did not understand him, or real- 
ize how much there really was in him, 
of his ability to produce better opti- 
cal work than the world had yet seen. 
There is in existence a portrait of 
him, taken when he was but twelve 
years old, and which must have been 
a very truthful likeness of him, for it 
shows already the character of the 
future man. He is looking straight 
forward with a fearless eye, and al- 
ready reading on the scroll of fame 
the name of Charles A. Spencer. The 



bright visions of his boyhood were 
realized, but he had little conception 
of what it was to cost him, and that 
the struggle was only to end with his 
life. 

" Few of those who have in past 
years accomplished much in the way 
of perfecting instrumental means of 
scientific research, or the advance- 
ment of the economic arts, have, dur- 
ing their lifetime, received any ade- 
quate reward, and certainly Mr. Spen- 
cer was not an exception. He might 
have gathered a more abundant har- 
vest of what the world terms wealth, 
if he had understood, and practiced 
somewhat closer, the ways of the 
world in financial matters ; but where 
then were the brilliant results ? Mr. 
Spencer was not only industrious, 
though not in a way for pecuniary 
recompense, he was also economical 
and of unblemished moral character ; 
for we must not consider the unful- 
filled promise — the often apparent 
and blamable neglect arose from 
no intention or design on his part to 
' say, or do, aught wrong. He had an 
unbounded hope, it was a moral cer- 
tainty to him, a faith in himself of be- 
ing able to do all he had promised ; 
and of accomplishing all he might 
iindertake, which only lacked pru- 
dence in the ways of common life, 
and a closer watching of the balance- 
sheet, to have been fully justified. He 
has gone — he has left only friends. 
He had outlived most of those who 
hailed his advent as an honor to 
American science. And in the rapid 
march of improvement of the past 
decade, he had begun to feel, with 
his infirmities and declining powers, 
that he was almost left behind. We 
cannot say he had not grave faults, 
few of us but have ; happy if, when 
we lie down to rest, so few will be re- 
membered of us. When the name of 
many a successful man, as the world 
deems success, shall have been for- 
gotten, and the marble on which 
alone it is recorded shall have crum- 
bled away, that of Spencer will still 
live ; nor will it be forgotten until the 
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human eye no longer needs a micro- 
scope, but shall see clearly the now 
hidden things of God. 

" Mr. Spencer was born on Quality 
Hill, in the town of Lennox, N. Y., 
in the year 1813. He was the young- 
est son of General Ichabod S. Spen- 
cer and nephew of the late John A. 
Spencer, of Utica, N. Y. He came 
from Lennox to Canastota about 1831 
and to Geneva in 1875, and died at 
ihe latter place September 28th, 1881, 
at the age of sixty-eight. Mr. Spen- 
cer was educated at the Cazenovia 
Academy, and after graduating there 
iie entered the freshman class at Ho- 
t)art, then Geneva College, at Gene- 
va, N. Y. ; his uncle, Dr. Thomas 
Spencer, being at that time a professor 
in the medical department of the col- 
lege. He remained at Geneva, how- 
ever, less than a year, and soon after 
went to Hamilton College, at Clin- 
H N. Y., of which his uncle. 
Judge Joshua A. Spencer, was then 
o^e of the trustees. His repugnance 
^0 being educated at the expense of 
ote, or as a * charity student,' as 
^f termed it, was so great that he did 
not long remain at Hamilton, but re- 
turned to Canastota to study and ex- 
periment by himself, as he had found 
|»3.t, at that early day, comparatively 
ittle attention was paid in the col- 
leges to the subjects which most in- 
teted him, most of the time being 
devoted to classical studies. He be- 
took himself , therefore, to more earn- 
est, practical work in science, not, 
however, neglecting to give a fair at- 
|ention to classical literature, and in 
later years he received the honorary 

fegree of A. M. from Hamilton Col- 
lege." 

^r- Thomas Taylor described his 
oew freezing microtome. The Chair- 
^ati of the Committee on eye-pieces, 

^- R. H. Ward, reported progress, 
^y letter, stating that all manufac- 
^J^ers but one had agreed to desig- 
j^^te their eye-pieces by their focal- 
etigths, but no agreement had yet 

^^en made as to the diameter of the 

tubes. 



Mr. J. D. Hyatt read a paper on 
the influence of diatoms upon the 
odor and taste of drinking water, as 
demonstrated by observations on the 
Croton water. The substance of this 
paper has already been printed in 
these columns. 

Dr. Robert Dayton described a 
modification of the half-button illu- 
minator, devised by himself. 

Prof. S. H. Gage read a valuable 
paper on the relations of fat-cells to 
connective tissue. The results of in- 
vestigation are thus summarized : — 

" I. With the use of the microscope 
as an instrument of research, it is un- 
mistakably shown that the fat of the 
body is not free in the tissues, but in 
small circumscribed masses, which, 
with the development of the doctrine 
of the cellular structure of the ani- 
mal body, were considered as cells. 

" 2. With the growth of the con- 
ception of the unity of life, the com- 
plex structure of man has been in- 
vestigated through the lower animals, 
and adipose tissue is now recognized 
by all as composed of protoplasmic 
cells, simply holding their fat in 
readiness for the use of the body. 

" 3. This paper attempts to show 
that by the study of adipose tissue in 
a very simple form, the conflicting 
views as to the origin of the fat cells 
may be harmonized. And while its 
main thesis is that connective tissue- 
corpuscles may become fat cells ; it 
also holds that the special or migra- 
tory cells of Ranvier and others may 
likewise serve as fat reservoirs, and 
finally our knowledge in its present 
state points unmistakably to the con- 
clusion, that after a cell has given up 
its fat it reassumes in full its previous 
functions." 

Mr. E. H. Griffith, who has been 
constantly improving his " Griffith 
Club Microscope " for the last two 
years, exhibited one of them and ex- 
plained it in detail. 

The officers elected for the next 
meeting are the following : President, 
Albert Mc Calla ; Vice-presidents, 
E. H. Griffith, George C. Taylor; 
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Secretary, D. S. Kellicott ; Treasurer, 
George E. Fell ; Executive Com- 
mittee, H. F. Atwood, L. M. East- 
man, F. S. Newcomer. 

Several dealers in microscopical 
goods were represented at the meet- 
ing. Mr. Edward Pennock had a 
large number of instruments from J. 
W. Queen & Co., including a set of 
Prof. Abbe's diffraction plates and 
diaphragms, to illustrate his theory 
of vision with the microscope ; an 
Abbe test-plate for studying the cor- 
rection of an objective ; a mechani- 
cal finger devised by Prof. C. H. Kain, 
and various other articles of interest. 

Messrs. Bausch & Lomb had a 
number of their excellent micro- 
scopes and objectives on exhibition, 
in charge of Mr. Edward Bausch. 
Mr. W. H. Walmsley exhibited a line 
of goods by R. & J. Beck, of London. 
Mr. L. R. Sexton had with him some 
of Mr. Gundlach's latest productions, 
but an attack of sickness prevented 
him from showing them. 



A Simple Method of Determin- 
ing the Angle of Aperture of 
Immersion Objectives. 

For the determination of the angu- 
lar aperture of objectives, if not less 
than 96® in crown-glass, I propose to 
attach to the front surface of the objec- 
tive, by means of a " homogeneous " 
medium, in the usual way, a small 
piece of crown-glass, which has, be- 
sides the adhering surface, two other 
polished plane surfaces, at right an- 
gles to the former and parallel to 
each other, with a distance between 
them of at least the diameter of the 
front lens of the objective. 

Then, from two distant points, ly- 
ing in the plane described by the op- 
tical axis of the objective and the 
perpendicular upon this axis and the 
parallel plane surfaces of the glass 
piece, let rays of light fall upon these 
surfaces, to pass through the glass and 
then through the objective. 

Find, in the usual manner, by mov- 
ing the lights sideways, that direction 



of the two light rays by which th 

latter will just strike the outer edg 

of the aperture of the objective 

Then determine the angle describes 

by the two rays before entering th 

glass piece, and find the true crown 

glass angle of the objective by calcu 

lation after this formula : — 

cos, i 

z=.cos. a 

r 
i being half the angle of the twc 
rays before entering the glass piece j 
r, the refractive index of the glas^ 
piece ; a^ half the crown-glass angle 
of the objective. 

Ernst Gundlach. 



EDITORIAL. 



Subscriptions.— Remittances for subscnp- 
tions should be made by post-office or express money- 
orders, by draft payable in New York, or in registered 
letters. Money sent in any other way will be^ at the 
sender's risk. A receipt will be immediately given iot 
money received hy open mail. 

The Journal is issued on the Z5th day of each 
month. Subscribers who do not receive their copies 
at the usual time are requested to inform the Pub- 
lisher of the fact. 



The August Meetings. — We have 
given up the greater part of the Jour- 
nal this month to reports of the 
August scientific meetings, deeming 
it on the whole more satisfactory io 
print these reports while they are 
fresh and new, than to continue them 
through two numbers, as heretofore. 
The meeting at Elmira was, we are 
. informed, a great success, and has 
doubtless given a great impetus to 
the Society. It has also shown that 
the main support of the Society is 
from the West. All the officers elect- 
ed are Western men, and it has been 
stated that only one member from 
east of the Hudson River was present 
at the meeting. The Society should 
not fail to recognize how much is due 
to the efforts of a few gentlemen in 
the Elmira Society for the success of 
this meeting. 

It must be a cause of sincere re- 
gret to those members of the ^ocit^ 
who are aware of the facts in the 
case, that one gentleman who was 
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eminently deserving of the President's 
position, and whose personal efforts 
and influence for the Society made 
it peculiarly proper that he should 
have been placed in that position, 
was regarded as ineligible because 
a few of his colleagues considered 
that he had disregarded, in a certain 
way, the medical code of ethics ! It 
is a fair question to ask whether the 
American Society of Microscopists is 
a society of microscopists, or a society 
iiound to uphold the medical code of 
ethics. 

Probably the Society as a whole is 
in no wise responsible for the facts as 
we have learned them, indeed, we are 
sure that very few of the members were 
aware of them. Nevertheless, we 
have no reason to doubt the truth of 
the rumor which has reached us, and 
we publish it for what it is worth, 
trusting that no outside influences 
will be permitted to interfere with 
the business of the Society. We 
merely wish to point out some possi- 
^1« rocks ahead, upon which other 

societies have already stranded. Prof. 

McCalla, who was elected President, 
^s certainly an excellent man for the 
position, and one who will do honor 
^0 the Society. 

A rather amusing incident of the 
Elmira meeting is told by an " eye- 
witness." It seems that a certain gen- 
tleman, going out for a walk in com- 
ply, had for a companion a lady 
^hose interest in the microscope 
proved to be greater than her escort 
had supposed. In fact, the lady was 
a very near relative of a well-known 
dealer in microscopes. The gentle- 
man remarked that he thought he had 
one of the best microscopes made. 
I^he lady inquired whose make it was. 
He answered, "A & ." 



& 



II 



exclaimed the 



young lady, " O, they are no good ! 
^ne only really good stands are made 
^y - 1 " Now, it so happened 

j^at the representative of the manu- 
^cturers whose meritorious labors 
^^re thus conspicuously undervalued, 
overheard this conversation, and 



caused some consternation by turning 
around and asking, *' What is that 
you say Miss ? " 

The Montreal meeting was a most 
profitable one in every way. The pa- 
pers presented were, with very few 
exceptions, of high quality and value, 
the attendance was large and 314 
new members were elected, making 
the entire membership about 2,100, 
— which ensures a publication-fund 
large enough to make the Proceedings 
a valuable and creditable publication. 
Our space does not admit of the pub- 
lication this month of all the matter 
we have in hand pertaining to the 
Montreal meeting, so a portion will 
be held over for the next issue. 

We take pleasure in calling atten- 
tion to some preparations of the Rev. 
Mr. Hervey, of Taunton, Mass., show- 
ing the methods of fructification of 
the marine algae. He had with him 
at Montreal, a second series of slides 
illustrative of the subject, which we 
found to be very instructive. They 
must prove of great practical value to 
beginners in the study of marine algae, 
and doubtless also to others who are 
more advanced, for it requires skill in 
preparing the sections, and a careful 
selection of the plants in the proper 
stage of growth, to obtain satisfactory 
slides of this kind. 



o 

Investigations of the Lower 
Fungi. — Prof. C. V. Nageli has pub- 
lished a valuable book on this sub- 
ject (" Untersuchungen tiber Niedere 
Pilze "), embracing the results of his 
own researches and those of Dr. Hans 
Buchner. We do not propose to no- 
tice the work at length, but so many 
persons are now interested in the 
study of fungi in relation to disease 
that an announcement of the con- 
tents of this late publication may be 
desirable. There are three articles 
by Nageli, treating of the nutrition, 
the movement, and the changes of 
different minute fungi ; and five by 
Buchner, embracing experimental 
studies on the relations of various 
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forms to diseases, the disinfection of 
clothes and effects, contributions to 
morphology, and a critical and ex- 
perimental consideration of the con- 
stancy of pathogenic forms. 

COREESPONDENCE. 



To THE Editor. — E. P., who in- 
quired in July about mounting plant- 
hairs and fungi, will find balsam a 
satisfactory medium for all such objects 
as are rather hard, and contain but little 
water, but all the more, delicate parts of 
plants, and small fungi, require a watery 
medium to make the best preparation, 
glycerin-jelly prepared to be fluid at com- 
mon temperatures but stiff at 45** F., is, 
next to balsam, the most convenient and 
useful medium, if used as follows : The 
object, if not already soaked in glycerin 
or in a thin jelly long enough to be satur- 
ated, should be arranged on thfe slide, and 
covered with the jelly a short time before 
the cover-glass is put on, then, if warmed 
gently on the hot plate, or over a lamp 
till the jelly is very fluid, all air bubbles 
will pass out without the slightest difficul- 
ty. Allow the slide to cool, and if there 
is a large surplus of jelly, remove it with 
a knife, or a scraper, then hold the 
slide under the top of a water-cooler, 
which sets the cover on so that with a 
camel-hair brush, every smear may be 
removed while the water is running, leav- 
ing a clean edge; then dry and run a 
balsam ring over the edge of the cover, 
and the slide will be permanent. All 
preparations mounted in watery mediums 
not hermetically sealed from the air by a 
resinous or non -volatile covering, will 
spoil by evaporation. 

W. H. Seaman. 

NOTES. 



— Probably some of the finest prepara- 
tions of embryo chicks that can be found 
are made by Mr. J. Lee Smith, of this 
city. Some of his slides seem to be abso- 
lutely perfect. He has been at work on 
the preparations for a long time, and 
although we thought he was remarkably 
successful a year ago, the slides he now 
makes are much superior to his former 
ones. Yet he says we have not seen his 
best! We are not aware whether the 
slides can be purchased, but if not, we 



hope they will be placed on sale ; for thd 
should become known to microscopist 
throughout the country. ! 

— Mr. Crisp described a " Jumbo" mi 
croscope, at the Royal Microscopi 
Society some time ago. It stood 4 i 
high, had a tube 4 inches in diametei 
and weighed l}i cwt. It was made abod 
fifty years ago. How such a stand would 
delight Mr. Stodder! 

— Mr. P. M^enin has drawn attention 
to the liability ofmistaking other encysted 
worms for Trichina spiralis* Care 
should be taken by all who have occasion 
to examme encysted worms in man or the 
the lower animals, to make out their 
forms and peculiarities ; for not all en^ 
cystcd and coiled up worms are trichinae. 

— Mr. T. W. Engelmann has carried 
out some experiments on bacteria and 
spirillas, which lead to the somewhat re^ 
markable conclusion, that certain spirillas 
may derive sufficient oxygen to support 
life from certain greenish bacteria, which 
disengage that gas. 

— Mr. A. D. Michael, states that to ob- 
tain the best effects with polarized light 
on a dark ground, objects should be 
mounted in glycerin. In this he is not 
fully supported by the opinions of other 
observers ; but probably the same objects 
were not compared, Usually balsam is 
preferable for polarized light, but some 
detail is sure to be lost when delicate 
objects are mounted in balsam. Mr 
Michael seems to allude particularly \.^ 
vegetable tissues when he recommends 
glycerin. 

— A method of preparing minute ento- 
mostraca, such as water fleas, but also 
applicable to other small animals, such as 
mites and spiders, was recently described 
by Mr. M. M. Hartog, before the Royal 
Microscopical Society (London). In out- 
line, the process was as follows : — 

The specimens were killed by adding 
a few drops of osmic acid to the water, 
when they fell to the bottom they were 
taken up and placed in alcohol of 30 per 
cent., from which they were transferred 
to alcohol of 50 per cent., then to cochineal 
solution in 70 per cent, alcohol, then 
washed repeatedly in 70 per cent, alcohol, 
then placed in 90 per cent, and finally 
in absolute alcohol. Then a small quantity 
of oil of cloves was poured in the alcohol, 
and at the line of juncture of the two 
liquids, the specimens became permeated 
with the oil. They were then imbedded 
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in a. inixture of spermaceti and castor oil, 
and sections were cut. In this way speci- 
mens were obtained with " absolutely no 
shrinking of the protoplasm." 

Mr. G. Stocker finds that a strong 

solution of potash-alum in water, will pre- 
serve the coloring matter of parts of 
plants. The pieces are placed in the 
solution for about ten minutes, then dried 
bet>veen pieces of blotting-paper, and 
passed through turpentine into balsam. 

Some time ago it was announced 

that certain insect-pests had been killed 
by the application of yeast, which acted 
as a parasite to destroy them. Later ex- 
periments have in some cases succeeded, 
and failed in others. It has been suggested 
that the yeast-plant itself is innocuous, 
but there might have been a parasite 
associated with it, which proved fatal to 
the insects. This idea seems not to be 
borne out by the observed facts." Prof. 
Hagen now believes that the yeast-plant 
must be in a certain stage of growth in 
order to prove effective, and he thus ex- 
plains the failure of some of the experi- 
ments. 

— Mr. W. P. Collins, of London, who 
probably has the best collection of old and 
new books treating of microscopical sub- 
jects to be found in any book-store, will 
send a copy of his new catalogue to any 
applicant.* The June catalogfue adver- 
tises a large number of valuable second- 
hand publications, and full sets of micro- 
scopical periodicals. 

— There is a good article in the March 
number of the Journal of the Quekett 
Microscopical Club by W. H. Gilburt, 
F.R.M.S., " On the Structure and Division 
of the Vegetable Cell." The subject is 
treated very clearly, and, while it is quite 
elementary, it will doubtless be instructive 
to many oeginners in microscopic study. 
The author, h'^wever, in our opinion, 
places too much confidence in the de- 
clarations of Flemming and Klein regard- 
ing" the structure of nuclei, for it is still 
doubtful if their observations of the net- 
work of the " chromatin " are to be ac- 
cepted as correct. There are good rea- 
sons for taking them cumgrano salts. 

. Or. L. Brewer Hall has described a 

form of eye-protector for use with the mi- 
croscope, which he thinks possesses some 
advantages over others. He describes it 
as follows : " The form that I now pro- 



pose consists of a small, opaque disk near 
the eye, supported by a wire extending 
from its outer edge downward to a point 
on the tube low enough to be out of the 
way of the nose, then bent upward, par- 
allel to the tube but not toucning it, and 
attached to a ring near the top. I made 
mine of a piece of brass wire. No. 18, 
about 45 centimetres lon^ ; a loop at one 
end 4 centimetres in diameter, covered 
with a piece of black paper folded over 
and gummed down, forms the disk. At 
the other end, I made a ring to fit the 
draw-tube, and then bent the intermedi- 
ate wire. I attach mine below the flange, 
on the draw tube, where there is no lac- 
auer to be scratched, but if it should be 
thought desirable to attach it above the 
flange then the ring ought to be covered 
with chamois, so as not to wear the polish." 

— There is a very interesting article in 
the April number of the Northern Micro^ 
scopist about " The Cypris and its Fossil 
Ancestors" by R. T. Burnett, F. G. S. 
Beginning with a short description of 
this minute entomostracan the author re- 
fers to its almost universal distribution in 
rivers, lakes, salt marshes and in the seas, 
and mentions the deposits of sand and 
clays about the great lakes in which fossil 
shells of species that are now living are 
found. Then follows a summary of the 
work of the " Challenger " expedition 
with reference to this subject. Cypris 
has been found in the globigerina ooze of 
the Atlantic at a depth of 1,452 fathoms. 
From twenty-nine dredgings, at depths 
greater than 600 fathoms, fifty-two 
species were found. At great depths 
the species are much less numerous. The 
fossil ancestors of the cypris can be traced 
back as far as the oldest stratified rocks — 
being found in the Laurentian and Cam- 
brian formations — ^with occasionally a 
break in the continuity. The ostracoda 
were most abundant during the mesozoic 
just preceding the cretaceous, where they 
were about as numerous as they are at 
the present time. For a satisfactory ri- 
sumi of this subject, the reader is referred 
to the original article. 

— The fifth fascicle of the " Synopsis 
of Diatoms " is now in the hands of sub- 
scribers. It contains twenty-six plates, 
with 449 figures. The total number of 
plates now issued is 104, containing 2,658 
figures. The sixth fascicle, which will com- 
plete the work, will be out in a few 
months. 
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NOTICES OF BOOKS. 



Consumption : Its causes. Prevention and 
Hygienic Management. By W. H. 
Smith, M. D., Ph. D. St. Clair, Mich. 
(Pamphlet, pp. 11.) 

Hy drums i jego Pokrewiensiwo : Mo- 
nografija przez Dra. J. Rostafinskiego. 
Z tablica. (Mit einem deutsch verfas- 
sten R6sum6.) Krakow : w. drukami 
Universytetu Jagiellonskiego pod zar- 
zadem Ignacego Stelela. 1882. (Pam- 
phlet, pp. 34.) 

This monograph, which is illustrated by 
a fine large plate, treats of the develop- 
ment of Hy drums, a genus of algae. The 
process of cell division was carefully 
studied by the author. He finds that this 
process takes place at night, beginning 
about midnight. The relations of Hydru^ 
rus to other algae similar to it are dis- 
cussed at some length. 

The Coues Check List of North American 
Birds, Second Edition. Revised to 
Date, and entirely Rewritten under Di- 
rection of the Author, with a Dictionary 
of the Etymology, Orthography, and 
Orthoepy of the Scientific names, the 
Concordance of Previous Lists, and a 
Catalogue of his Ornithological Publi- 
cations. Boston : Estes & Lauriat, 1882. 
(8vc, pp. 165.) 

This book is nothing less than its title 
indicates — a check-list of birds and an 
ornithological dictionary combined. The 
first edition was published in the year 
1873, soon after tne appearance of the 
" Key to North American Birds,** by the 
same author ; but it was then a mere list 
of birds, and a far less pretentious work 
than the present one. Since that time 
one hundred and twenty names have been 
added to the list, but so carefully was the 
work on the first edition carried out that 
not more than ten names have been 
eliminated. 

The work as it now appears, bears like- 
wise the impress of extreme care in its 
C reparation. Each of the 778 names of 
irds has been critically examined as re- 
gards its derivation and proper pronuncia- 
tion : and in the chapter of " Remarks on 
the Use of Names," are to be found sug- 
gestions about the etymology, ortho- 
graphy and orthoepy of names, which are 
invaluable to the collector and student of 
birds. In the Introduction the purpose of 
the check-list is stated to be two-fold : 

I 



" First, to present a complete list of the 
birds now known to inhabit North America, 
north of Mexico and including Greenland, 
to classify them systematically * * =» 
secondly, to take each word occurring in 
such technical usage, explain its derivation, 
significance and application, spell it corJ 
rectly, and indicate its pronunciation witH 
the usual diacritical marks." | 

A notable feature of the book is that 
the full name of the learned author, Dr. 
Elliott Coues, does not once appear in it. 



Exchanges. 

[Exchanges are inserted in this column without 
charge. They will be strictly limited to mounted 
objects, and material for mounting.] 

Wanted— To exchange, good slides correctly named, 
or material for mounting for same. 

F. C. SMITH, Bridgeport, Conn. 



Wanted, material containing Pleurosigma angula- 
tum, Nitzschia sigmoidia, Frustulia Saxonica and 
Amphipleura pellucida. Mounted diatoms or material 
m exchange. 

T. CHRISTIAN, 
xo8 Virginia, St., Richmond, Va. 
Wanted — Diatomaceous material from New Hamp- 
shire containing A mphipleura Lindkeimeri^ in ex- 
change for materials from North of Ireland. 

WILLIAM A. FIRTH, 
Whiterock, Belfast, Ireland. 



Striatella unipunctayRhabdonema Adriaticum, 
and other first-class crude material, to exchange for 
named diatoms and first-class material — prepared and 
particularly foreign material preferred. 

M. A. BOOTH, Longmeadbw, Mass. 



Mounted crystals for the poloriscope, diatoms (a 
fine collection), fresh-water algae, foraminifera, u> ex- 
change for other well-mounted objects. Send qjeci- 
mens and full value will be returned. 

R. HITCHCOCK, 63 Maiden Lane, New York. 



Rubber cement of my own manufacture, in ex- 
change for good slides. 

EUGENE PINCKNEY, 

Dixon, III. 



Well-mounted sections of Rat's tongue, Rabbit's 
eye and Cat*s muscle for other well-mounted objects. 

F. B. CARTER, 
5x9 Gates Ave., Brooklyn, N. Y. 

On receipt of a well-mounted slide, I will send a 
shde of crystal, (for the polarizer) of any of the rare 
vegetable producte which I may have ; will send list 
of same on receipt of postal request. 

J. KETCHUM, Jr., 
P. O. Box 877, New York City. 

Wanted. — Animal parasites, Ixodes, Acari, etc, 
cither mounted or unmounted. W. A. HYSLOP, 
aa Palmerston Place, Edinburg, Scotland. 

UnmouBtrd objects, Foraminifera, Spicules, Plant- 
haurs. Zoophytes, etc., in exchange for other objccu, 
mounted or unmounted. 

E. PINCKNEY, Dixon, 111. 
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Deyeiopmeiit of the Planula of 
ClaTa Leptostyla^ Ag.* 

BY J. H. PILLSBURY. 

On the tangled masses of sea-weed 
[Fucus) which grow in profusion over 
the rocks of our New England coast 
between high and low water, may be 
found little clusters of the orange- 
yellow polypites of one of our com- 
monest hydroids, Clava leptostylay Ag. 
Fig. I of the plate represents a portion 
of the sea-weed with such a cluster of 
polypites, of natural size. As the in- 
coming or receding tide floats the 
Wg stems of the sea-weed back and 

W over the rocks, the little animals 

ni3jbe seen gracefully moving with 
^e waves, or suddenly contracting 
tfaeir tentacles on the approach of 
danger. 

All the polypites of the same clus- 
ter are connected at the base by 
niinute, thread-like fibres, called sto- 
lons, which unite them into a single 
colony. Each polypite consists of a 
tube with an oral opening at the free 
end, which is surrounded for some 
distance down the slightly swelling 
bo1y with a number of stout, and 
somewhat scattered, tentacles (fig. 2). 
Just below these tentacles the body 
contracts into a perceptibly narrower 
stem, which maintains a uniform size 
until just above its union with the 
stolon. At the point of contraction 
inst mentioned there will be found in 
early summer, of various shapes and 
sizes, clusters of minute buds, which 
often extend down the stem for a dis- 
tance of 2 "*™. These buds (fig. a a) 

* Read before the Section of Histology and 
*Iicroscopy of the A. A. A. S., at Montreal. 






are formed by the outward growth of 
the body-wall, and at first do not dif- 
fer in appearance from the general 
tissue of the body. 

Usually before the bud has reached 
its full size, one or two small, trans- 
parent spots appear in the outward 
and larger end of the bud (fig. 3 a 
and b\ These are the germinal vesi- 
cles, and each contains a distinct 
spot called the germinal dot. This I 
have been able to distinguish only by 
the aid of carmine staining, but under 
such treatment it becomes very dis- 
tinct. As the buds continue to grow 
the sarcode surrounding this germinal 
vesicle becomes more dense than that 
in other parts of the bud, and a little 
later the ovum separates from the 
general mass of the bud, which is 
now called the spadix (fig. 4 d( and 
^). The ovum continues to increase 
in size at the expense of the spadix 
until it nearly fills the sac, the spadix 
being meanwhile reduced to a cup- 
shaped termination of the stem of the 
sporosac. Such of the buds as had 
two germinal vesicles will, of course, 
under favorable circumstances, de- 
velop two ova within the same 
sporosac (figs. 4 b and 5 ^). 

When the ovum has reached its 
full size and fills the whole sporosac, 
the ovum becomes so opaque as to 
make the germinal vesicle obscure, 
and render observation in regard to 
its changes impossible. The ovum 
itself, however, soon divides into two 
cells, the division commencing by a 
depression at one side, which becomes 
gradually deeper and deeper until the 
two. cells are entirely separated (figs. 7 
and 8). Each of these cells again di- 
vides into two, and this is repeated 



182 



THE AMERICAN MONTHLY 



[October, 



until the ovum passes through the mul- 
berry state and assumes a granular ap- 
pearance, beyond which time it is 
impossible to follow the cell-division 
(figs. 9 to 13). At this stage the coat of 
the embryo begins to show signs of 
separating into the two layers which 
are characteristic of the body-wall of 
the Coelenterata (fig. 14), and the 
body of the embryo shows slight 
changes of form, from time to time 
elongating itself into a somewhat 
worm-like form. 

It is at this point that the results of 
my observations differ from those of 
others who have written upon the de- 
velopment of the hydroids. The 
elder Agassiz says he has never been 
able to discover vibratile cilia while 
the embryo is within the sporosac. 
I have, however, found not only well- 
developed cilia on the surface of the 
embryo, while as yet there were no 
signs of rupture of the sporosac, but I 
have also found them in motion, pro- 
ducing vortical currents within the 
sporosac, as shown by the direction of 
the arrow (fig. 15 a). The embryo 
assumes an arched position as seen 
in fig. 14, and seems to be endeavor- 
ing thus to burst open its prison 
wall. In this stage the motion of the 
cilia becomes very energetic beneath 
the arch, as if to assist in bursting the 
wall of the sporosac. After succes- 
sive and finally successful attempts, 
the larva comes forth in the planula 
form, and moves about freely for 
some time by means of its thick cov- 
ering of cilia (fig. 16). At this time the 
planula shows no signs of a mouth, 
and seems to be moving about in 
quest of a resting place. In this state 
the outer layer of the body-wall shows 
a quite distinct cellular structure un- 
der treatment with staining fluids. 
After moving about freely for a short 
time, the planula attaches itself to 
some object by the end which has 
been posterior in its free motions, 
a mouth opens into the previously 
formed body-cavity, and surround- 
ing this mouth a number of tentacles 
are developed. 

o 



A New Thnrieola. 

BV DR. A. C. STOKES. 

In his splendid " Manual of the 
Infusoria," Mr. W. Saville Kent has 
subdivided the genus Vaginicola into 
several groups, primarily on accouTit 
of certain structural characteristics, 
and also, as he expresses it, to '' assist 
the student in his indentification of 
the numerous species." In the latter 
he has been eminently successful, for, 
until he took the matter in hand, we 
had Vaginicola with a valve and with- 
out, Vaginicola upright, decumbent, 
sessile, and stalked in the most per- 
plexing confusion. One system of 
classification stated that if the body 
was pedicellate and the sheath sessile, 
Vaginicola being in this condition 
five times out of ten, the specimen 
was a Tintinnus, and Tintinnus was 
run down only to find that every 
known species is free-swimming and 
marine. Another stated that every- 
thing with the lorica fixed by its 
posterior extremity is a Cothurnia^ 
and still another that the sheath of 
every Cothurnia is stalked, while one 
more informed the reader that every 
Vaginicola has the test adherent 
by its side. This point reached, 
although a microscopist soon becomes 
the most patient of human beings, 
nothing remained but to follow the 
advice of Mr. F.*s Aunt, and chuck 
the thing out o'winder. Kent has 
righted affairs by directing that both 
stalked and sessile zooids in an up- 
right, sessile shenth, shall be relegated 
to the genus Vaginicolay forming for 
the decumbent lorica a new genus, 
while the not uncommon valvate 
species, V, valvata^ with two others, 
he has collated under Thuricola^ a 
new generic title. 

For two seasons the writer has 
observed attached to the leaflets of 
Ceratophyllumy isolated specimens of 
a loricate and valvate zooid, present- 
ing characteristics which mark it a 
new species of Kent's Thuricola, 
One of its specific peculiarities, in 
addition to the valve-like organ 
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closely resembling that of Tkuricola 
( yagimcola) tiaivata, consists in a 
delicate membrane attached to the 
inner wall of the lorica opposite to 
the valve, and at a point about mid- 
way between the origin of the latter 
and the orifice of the sheath. It is 
shown in optical section in figure 38. 
It extends arcuately upward and in- 
ward, and receives the edge of the 
valve as it descends upon the con- 
tracted animal. It is flexible, bend- 
ing at the touch of the ascending 
looid, but is rigidly attached to the 
lorica, and is stiff enough to make a 
well-defined indentation in the soft 
substance of the animalcule. It sup- 
ports the edge of the closed valve at 
about the beginning of its middle 
third. The valve, although the con- 
nection could not be demonstrated, 



Fig. 38. Tmvricola Innixa, «. ip. 

is probably attached to a ligamentous 
prolongation of the body, since it be- 
gins to rise before coming in contact 
with the expanding zooid. 

Thuricola inrtixa, n. sp. Lorica 
sessile, transparent, sub-cylindrical, 
four to five times as long as broad, 
truncate, and somewhat tapering pos- 
teriorly, bearing at some distance 
from the orifice an internal valve-like 
appendage as in T. valvata, and an 
opposite, rigidly attached, but flexi- 
ble, membranous organ projecting 
arcuately inwards, and acting as a 
support to the edge of the descend- 
ing valve, the wall of the lorica being 
dilated laterally immediately behind 
this, in optical section, bristle-like 



valve-rest ; body pedicellate, hyaline, 
projecting when extended one-third 
its entire length beyond the orifice of 
the lorica ; pulsating vesicle anterior, 
contracting once in fifteen seconds. 
Hab. Pond water, attached to the 
leaflets of Ceratophyllum ; not com- 
mon. 

The Mlcrospectroscope.* 

The spectroscope is an instru- 
ment for analyzing and comparing 
light from different sources. It con- 
sists essentially of a narrow slit 
through which the light to be exam- 
ined first passes, a lens focussed upon 
the slit to render the rays parallel, a 
prism to decompose the light, and a 
telescope for magnifying the spectrum 
for examination. The ordinary labora- 
tory spectroscope of the chemist gives 
a spectrum only a few inches in length, 
but in order to map the lines in the 



Fig. 39. Zeiss' Sfbctral-oculae. 

solar spectrum far greater dispersion 
is required, and the light passing 
through the narrow slit of one of the 
largest spectroscopes has been spread 
out into a spectrum over twenty feet 

The principles of spectrum analy- 
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sis may be readily illustrated by a few 
simple experiments. We have here 
the colorless flame of a Bunsen burner. 
I take a platinum wire with some 
, salt upon the end This 



Fio. 4a Slit of Zeiss Spectral-ocular. 
colors the flame yellow. Examined 
with a spectroscope we find only a 
single yellow line indicating the pre- 
sence of sodium. Strontium and lime 



it their characteristic colors. The 
spectroscopic examination of these 
flames shows that the lines produced 
by each element occupy different 
positions in the spectrum, so that liy 
measuring the places of the lines in 
the spectrum one can readily deter- 
mine the composition of the flame 
that produces them. Most metals, 
however, require the more intense 
heat of the electric arc to develop 
their characteristic lines, and a few 
elements, as carbon and boron for 
example, are only volatilized in ihej 
intense heat of the sun. 

The temptation to dwell upon the 
applications of the spectroscope in 
solar and stellar physics is great, for 
this subject is, to me, one of the 
greatest interest. I would be pleased 
to review the progress of this branch 
of investigation during the past twenty 
years. In no department of physical 
research have important discoveries 
followed in such rapid succession ; 
in no department have results of such 



Fig. 41. Sorby-Brownikg MrcKOSFBCTROCopB. 



give a red flame, baryum a green, 
potassium a violet, and several other 
metals are sufficiently volatile at the 
temperature of the flame to impart to 



a surprising character been so readUj 
revealed. I would be glad to speif 
at some length of the recent researches 
upon the chemical and physical con- 
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dition of the sun and stars, the nebu- 
lae and comets. We can readily un- 
dersta.iid that the spectroscope may 
reveal the composition of these distant 
suns and masses of fiery vapor, but it 
has told us much more than that ; it 
has enabled us to measure their rate of 
movement toward us or from us, it 
has aiforded a measure of their tem- 
perature, the pressures at their sur- 
faces, the distribution of the elements 
about their centres, in fact, we are en- 
abled to study them from a distance 
of millions of miles with the same cer- 
tainty of our results, as when we test a 
mineral in our laboratories. Every 
ray of light which comes to us from 
the depths of infinite space, though it 
may have travelled years and years 
before it reached our world, bears 
the impress of the physical and 
chemical conditions of the sphere 
from whence it came. It is the labor 
of the scientific student to interpret 
its silent testimony. As we go out 
beneath the starlit sky, and think 
t\\at every ray of light from every 
shining world brings us a story like 
til's, — a history of the birth and de- 
velopment of worlds, or systems of 
worlds, or nebulous stars — perhaps we 
may realize what the spectroscope 
has already done for chemistry and 
physics. 

The microspectroscope is of some- 
what different construction from the 
larger instrument. In this instru- 
ment only a small spectrum is neces- 
sary, but the definition must be 
good — the faintest absorption of 
light should be noticeable in any 
part of the spectrum. The instru- 
nient I have to show you this 
evening is a spectral-ocular by Zeiss 
(figs. 39 and 40). Fig. 39 represents 
a sectional view of the instrument. 
It will be seen that the lower part is 
an ordinary eye-piece with its two 
lenses, but in place of the ordinary 
diaphragm there is a slit, adjustable 
in length and breadth, shown in fig. 
40. By studying this figure the 
method of adjustment, with two 
screws, /^and H^ and the projecting 



lever which carries a reflecting prism, 
can be readily understood. 

The upper part of the instrument 
swings about the pivot K^ so that by 
opening the slit the eye-piece can be 
used for focussing an object, the slit 
being the diaphragm. The upper 
portion contains the prisms, and also 
a scale in the tube N^ which is illu- 
minated by the mirror O, The image 
of the scale is reflected from the up- 
per surface of the last prism to the 
eye, and when, properly adjusted 
gives the wave-length of the light in 
any part of the spectrum. There is 
also a supplementary stage, not shown 
in the figure, upon which a specimen 
can be placed, and its light thrown 
up through the slit by reflection from 
the prism on the lever shown in fig. 
40, along side of the light from the 
object on the stage of the microscope, 
thus enabling the spectra from the 
two sources to be directly compared. 

The Sorby-Browning microspec- 
troscope is shown in fig. 41. D is 
the supplementary stage, and C and 
H are the screws for adjusting the 
slit. The tube A contains the prisms, 
and j9 is a screw for focussing 
the spectrum. There is no scale of 
wave-lengths with this instrument, 
but there have been several methods 
of mapping the spectra devised, 
which can be readily applied. An- 
other form of microspectroscope has 
been devised by Mr. Sorby in which 
the object glass that focusses the slit 
is above the prism instead of below 
it. This arrangement is said to . im- 
prove the definition. A cylindrical 
lens collects the light f com the slit. A 
micrometer is also provided to indi- 
cate wave-lengths. This miniature 
microspectroscope is made in Eng- 
land, by Mr. Hilger. 

The application of the spectroscope 
to the examination of solutions or 
fluid compounds, is based upon the 
discovery that some coloring matters 
exercise a selective absorption upon 
certain colors in the spectrum, mani- 
festing their presence by dark bands 
in constant positions. It is well 
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known that the color of a transparent 
object is due to the absorption of cer- 
tain colors from the light — thus, a red 
glass permits the red rays of the 
spectrum to pass through it while it 
is opaque to all the others. Hence, 
if we examine with the spectroscope 
the light from such a glass we find 
that the spectrum consists only of a 
band of red, all the other colors being 
absent. Such a spectrum might be 
given by a large number of totally 
different substances of a red color, 
since there is no distinguishing char- 
acteristic of a spectrum formed by a 
general absorption of this kind. But 
there are many colored solutions and 
compounds that exercise a selective 
absorption upon the light that enters 
them, that is to say, when the trans- 
mitted light is analyzed by the prism 
it shows, not a single band ot color as 
in the former case, but a continuous 
spectrum with one or more dark 
bands crossing it, indicating what col- 
ors have been absorbed. The posi- 
tion of these bands is constant for the 
same compound ; hence, we have a 
means of detecting certain com- 
pounds, and analyzing mixtures of 
them, by the character of the light 
they transmit. Take, as an example, 
the coloring matter of blood, the 
spectrum of which will be shown this 
evening. There are two distinct, dark 
bands in this spectrum which always 
occupy the same position. As an 
illustration of the ease with which 
two coloring matters may be distin- 
guished in a solution, we may allude 
to the experiments of Mr. P. Petit in 
studying the coloring matter of dia- 
toms. It has long been known that 
when certain species of diatoms are 
dried, the brownish, or yellowish, en- 
dochrome changes to a bright-green 
— such a change is particularly no- 
ticeable in Melosira^ and in the beau- 
tiful Aulacodiscus Kittonii^ of which I 
have an excellent collection illustrat- 
ing this fact, and doubtless it is true of 
many other species. An examination 
of the spectrum of the coloring mat- 
ter of diatoms known as " diatomine,*' 



has afforded an explanation of the 
change of color, and has shown that 
diatomine is a mixture of the two 
coloring matters which are common 
throughout the vegetable kingdom, 
phycoxan thine and chlorophyll — the 
former is yellow, the latter green. 
It is clearly shown by Mr. Sorby's 
investigations on the coloring matters 
of* plants, described in the Proceedings 
of the Royal Society^ 1873, p. 442, that 
each of the above-named coloring 
matters, as distinguished in diatoms 
by Mr. Petit, is composed of sev- 
eral distinct coloring matters, but to 
illustrate the application of the micro- 
spectroscope to analysis of this kind, 
we may assume the correctness of the 
distinction recognized by Mr. Petit. 

According to his experiments, the 
different colors of diatoms are due Xo 
the different relative proportions of 
these two constituents. For example, 
Melosira and Navicula contain a 
larger proportion of the green than 
Nitzschia or Diatoma. This is clearly 
shown by the spectra, which are re- 
presented on the board. 

The first spectrum represents the 
absorption due to chlorophyll, the 
second is that of phycoxanthine. 
Observe the difference in the position 
of the dark bands in the two spectra ; 
in the latter the bands is further to 
the left. 

The third spectrum represents the 
coloring matter of Melosira nummu- 
loides. The three fainter bands of 
chlorophyll are present, and the 
broad, black band indicates the pre- 
sence of both phycoxanthine and 
chlorophyll. In the fourth figure 
there is not a sufficient quantity of 
the chlorophyll present to develop all 
of the faint bands characteristic of 
that substance, but that some is pre- 
sent is shown by the broad band on 
the left, which also shows the presence 
of phycoxanthine. 

By the aid of the spectroscope and 
chemical analysis, Mr. H. C. Sorby, 
in the article already referred to, has 
shown the presence of twelve distinct 
colors in the red, olive, and gr^^° 
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aJgae. The examination of blood 
with the microspectroscope is of great 
importance in legal proceedings. To 
Prof. Stokes we are indebted for some 
yery elaborate investigations of the 
coloring matter of blood. His results 
were published in the Proceedings of 
the Royai Society, 1864. He found 
that when blood was treated with 
some reducing agent, such as a solu- 
tion of ferrous sulphate containing 
tartaric acid, or stannous chloride, 
the color was changed from a bright 
scarlet to a purple. This change 
in color is accompanied by a modifi- 
cation of the spectrum, the two bands 
characteristic of oxygenated blood 
being replaced by a smgle band oc- 
cupying a position between the places 
which they held. He named the 
bright-red constituent scarlet cruorine, 
and the other purple cruorine. When 
the reduced or deoxydized blood is 
shaken up with air the scarlet cruor- 
ine is again formed, and shows the 
two-band spectrum as before. These 
changes are quite characteristic of 
^^ood, but there are still others, 
^fought about by acting upon blood 
vith acid and alcohol, which render 
spectroscopic examination still more 
conclusive of the nature of the fluid 
under examination. 

The delicacy of the test for blood 
^y the microspectroscope is quite re- 
markable. A scarcely visible stain 
upon a piece of white paper, not more 

^jj^" Toooooo o^. ^ grain, will show 
the bands, but it is more satisfactory 
to work with solutions of blood. A 
quantity not greater than ^ of a 
grain of blood in a cell measuring -^ 
of an inch in diameter by half an inch 
<leep will show the bands very clearly. 
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A New Form of Constant Pres- 
sure Injection Apparatus.* 

BY PROF. WILLIAM LIBBEV, JR. 

In Studying the circulatory system, 
^^e means of injection are an indis- 

* Read before the Section of Histology and 
Microscopy of the A. A. A. S., at Montreal. 



pensable aid. This operation can be 
performed in several different ways, 
but the most satisfactory method 
would, of course, be that which would 
in the simplest manner utilize the 
materials used, and at the same time 
place them under the most perfect 
control of the operator. 

In the piece of apparatus described 
below, the wants of my laboratory 
have been especially consulted, and 
the object kept in view was the con- 
struction of a machine which would 
perform the most delicate injections 
in a satisfactory manner. 

In a sense, it may be said that this 
object has been realized ; but, as the 
element of good judgment can never 
be made part of a machine, the de- 
gree of success will still be in propor- 
tion to the skill in manipulation. 

All such machines must have a 
certain similarity in their construc- 
tion, but may differ essentially in the 
arrangement of their several parts, 
and for this reason no great original- 
ity is claimed for the apparatus ; the 
method of the operation in the ma- 
chine under consideration is as fol- 
lows : — 

We will suppose the animal, or 
organ, to be injected to have been 
prepared as is usual, and placed over 
a water-bath arranged to secure a 
proper degree of temperature dur- 
ing the operation ; the injection- 
mass having been also previously 
prepared and placed in a three- 
mouthed Woulffs-bottle (prepared as 
a wash-bottle with closely-fitting 
rubber corks), which should, of 
course, be placed over a water-bath 
to keep the mass liquid. 

The source of the power utilized is 
twenty pounds of mercury, which, by 
changing position from a higher to a 
lower level, forces the air out of one 
of two globular glass filtering funnels 
alternately, as one is placed below or 
raised above the level of the other, 
which should be kept stationary. 
These two filtering funnels are sup- 
ported on iron rings with clamps 
which can be attached to two iron 
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rods at any given height. The iron 
rods should be about 36 inches high, 
being held in their places by a frame- 
work that rises on the back part of a 
wooden platform which rests upon 
the taBle (or may be built into the 
wall, or placed between two shelves 
far enough apart in a closet in the 
laboratory), and serves as a con- 
venient place for any accessory ap- 
paratus or instruments. 

The funnels referred to above, are 
connected at the bottom of each by 
a rubb - - ' 

tubing 
at the 11 
is closet 
which I 
having 
angles. 
The 
curing 
of the c 
in such 
to perfo 



of which it forms a part has been 
connected with the glass tube at the 
top of the filtering funnel, from which 
the air is forced by the flow of the 
mercury to it from the other funnel, 
which should occupy a higher posi- 
tion. It also affords the means of 
allowing a current of air to flow to 
the surface of the mercury in the 
higher vessel, through the other stop- 
cock which should be turned so as to 
afford ingress to the air ; this will be 
secured when the s^op-rock is placed 



Fig. 42. Constant Pressure Injection Apparatus. 



properly, is an arrangement of three- 
way stop-cocks of a peculiar con- 
struction. These stop -cocks are each 
so constructed that when turned in 
one position they have the form of a 
regular spigot, while, by a quarter 
turn from that position, a straight 
connection is made through the body 
of the stop-cock to a tube opening at 
that point. 

Two of these stop-cocks are placed, 
one on each of the upward branches 
of a glass tube having the form of the 
the letter V. This arrangement 
affords the means of transmitting a 
current of air under pressure through 
that stop-cock which may be turned 
so as to open a straight connection 
through it, when that branch of the Y 



position at right angles to that of 
the first described stop-cock. This 

branch of the Y-tube should be con- 
nected with the tube at the top of ihe 
other fihering funnel. The lower 
branch of the Y-tube should be con- 
nected with the short arm of the bot- 
tle containing the injection mass. 

All the joints made with the tubing 
should be securely wired, and all the 
other connections made as tigbt as 
possible. 

The Y-tube described above should 
be securely supported by extension 
test-tube clamps, attached to the iron 
rod to which the stationary filtering 
funnel has been fixed, and below the 

The long arm of the bottle con- 
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taining the injection-mass should be 
attached to the nozzle stop-cock, 
which fits the canulae to be used in 
the injection. 

Now, we shall suppose that the 
mercury has been placed in the sta- 
tionary filtering funnel, and this lat- 
ter firmly fixed a little above the mid- 
dle point of one of the iron rods. 

The stop-cock of this funnel should 
be turned so as to prevent the mer- 
cury flowing from it, then the three- 
vay stop-cock connected with it 
should be turned so that the air may 
have access to surface of the mercury, 
and the other three-way stop-cock 
turned so that the air from the fun- 
nel with which it is connected will 
flow directly through the glass tube 
to the Woulffs-bottle. 

Then if the second filtering funnel 
be placed in a lower position than the 
first above described, and clamped 
securely, the machine is ready for 
use. If the mercury should then be 
turned on it will force the air out of 
^e lower filtering funnel, and this 
air will then act upon the injection- 
iQ^, forcing it along in proportion 
to the difference in level of mercury, 
or the amount of mercury turned on. 

If a larger quantity of injection- 
D^ass is required than can be dis- 
charged from the Woulffs-bottle by 
once emptying one funnel into the 
other, after the flow of mercury has 
been stopped by turning the stop- 
cock of the lower funnel an addi- 
tional quantity of the fluid can be 
poured through the central mouth of 
the Woulffs-bottle. 

The positions of the three-way 
stop-cocks should now be reversed to 
permit the current of air to act from 
the other funnel upon the injection 
mass. 

Then the funnel, which is full of 
mercury, should be raised to a posi*- 
tion on its rod as much above that of 
the stationary funnel as it was below 
it before, when it will, in its turn, be- 
come the source of power when the 
mercury is turned on. Thus the 
operation may be proceeded with, 



and by repeating this simple process 
an injection may be performed, last- 
ing any reasonable time, with very 
little trouble or interference on the 
part of the operator, and, as far as 
^my experience goes, with great satis- 
faction. 

It will be readily seen that abso- 
lute constancy of pressure is not even 
obtained in this instance, because the 
shifting lines of level of the surface 
of the mercury in the firmly fixed 
funnels introduces a small error. 
This might be overcome by suspend- 
ing the funnels from springs, so ad- 
justed that, as the mercury changed 
its level a compensation would be 
brought about by a change in the 
position of the funnels ; but after 
having tried the firmly fixed funnels, 
and not having experienced the 
slightest difficulty from this source of 
error, I am inclined to believe that a 
change would be an almost needless 
refinement of accuracy, and, in addi- 
tion, would somewhat doubt the pru- 
dence of having such a weight of 
mercury suspended in that manner. 

The piece of apparatus has been 
thus described somewhat in the hope 
that histologists will find in it an aid 
in their investigations such as it has 
been to myself. 

Histological Laboratory, 
Princeton, N. J., 



I 



The Physiology of Tariable Ap- 
parent Magniflcation by 
the Microscope.* 

BY W. LECONTE STEVENS. 

In estimating the size of an ob- 
ject viewed in the microscope, it is 
commonly assumed that the image is 
seen as if at the distance of easiest 
vision, which is taken to be ten 
inches. The invalidity of this latter 
assumption is strikingly shown in the 
table of estimates exhibited and disr 
cussed by Prof. Brewer, in his recent 

* Remarks made before the section of 
Physics of the A. A. A. S., with additions 
by the author. 
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paper, read before the American As- 
sociation for the Advancement of 
Science, and noticed in the Septem- 
ber number of this Journal. 

It is well known that the distance 
of easiest vision is variable, during » 
the life of the same individual. The 
".near-point " for a normal eye, varies 
from three inches for a child of three 
years, to eighteen or twenty feet for 
a man of eighty, the power of accom- 
modation diminishing with increase 
of age. For such an eye, when in a 
relaxed state, parallel rays will be 
converged to the exact distance of 
the retina. If the radiant point be 
but ten inches distant, the sheaf of 
divergent rays from it, if transmitted 
through the same refracting medium, 
would be focalized behind the retina, 
were there not an instant contraction 
of the ciliary muscle, resulting in an 
increase of convexity of the crystal- 
line lens at its front surface. The 
ease or difficulty with which this is 
done, depends mainly on the a^e of 
the person, if the eye be normal. The 
effort exerted by a little child will be 
far less than that of an old man. 

All that the microscope can do is 
to increase the visual angle under 
which the object is seen, and hence 
increase the size of the retinal image. 
The extent to which this may be 
advisable depends upon several con- 
siderations well known to micro- 
scopists. Since the visual angle is 
simply the measure of the difference 
of direction between two rays passing 
axially through the crystalline lens, 
from opposite marginal points of the 
magnified image as seen through the 
eye-piece, it is quite possible for this 
to remain sensibly constant, while 
the refracting power of the crystal- 
line lens varies. The adjustment of 
the eye-piece, or the distance of the 
eye from it, may vary while distinct 
vision is retained, the limits of varia- 
tion depending upon the power of 
accommodation in the eye of the ob- 
server. For a hypermetropic eye, 
the rays from a given crossing point 
near the focus of the eye-piece may 



emerge from the latter either parallel, 
or slightly convergent, or divergent, 
and yet be distinctly focilized on the 
retina in consequence of appropriate 
action of the ciliary muscle. 

The interpretation which we put 
upon a retinal sensation is quite un- 
conscious, and always accompanied 
with equally unconscious interpreta- 
tions of attendant muscular sensa- 
tions. The experience of the individ- 
ual is the only guide in reaching 
visual judgments. It is not at all 
remarkable that different persons 
should vary in the interpretation 
they put upon sensations produced 
under the same external conditions, 
although the general effect of con- 
trolling the condition of the eye 
among them may be much the same. 
The writer has elsewhere detailed 
numerous experiments on this sub- 
ject. (See American Journal of 
SciencCy November and December, 
1881, April and May, 1882.) The 
result may be briefly stated by say- 
ing that, while the visual angle re- 
mains constant, an increase in the 
contraction of the ciliary muscle, or 
of the internal rectus muscles if both 
eyes be employed, produces the 
illusion that the object is much 
smaller and nearer ; under such con- 
ditions, the apparent diminution in 
size, together with imperfect focaliza- 
tion, may produce as a secondary 
effect the illusion that the visual 
angle has been diminished, and the 
imagination that the object is more 
distant. Thus the unmistakable il- 
lusion is that of diminution of size, 
and this may be coupled with great 
lack of determination in the judg- 
ment of distance. Upon the writer 
the most usual effect is that of diminu- 
tion of distance. 

The internal rectus and ciliary 
muscles are supplied from the same 
nerve, and their contractions are 
usually simultaneous, though dis- 
association to a limited extent is by 
no means impossible. ' The relaxa- 
tion of these muscles, with contrac- 
tion of the external rectus, produces 
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the illusion of greater distance and 
size, for the object retinally pictured. 
This is in accordance with the laws 
ofassociiation ; for under ordinary cir- 
cumstances, near vision requires con- 
traction, and distant vision relaxation, 
of internal rectus and ciliary muscles ; 
while unusual contraction of the ex- 
ternal rectus muscles is not unfre- 
quently necessary in the ordinary use 
of the stereoscope, involving discom- 
fort and an illusion of increased 
distance in the binocular picture. 

All our judgments, whether visual 
or otherwise, become vitiated when 
conditions are very different from 
those to which we are most accustom- 
ed. Prof. Brewer's 440 observers 
accommodated their eyes, as nearly 
as possible, to the same external con- 
ditions. The striking diversity in the 
conclusions reached by them, shows 
how various were the muscular con- 
ditions, under which they interpreted 
their own sensations. To this must 
^e added the important fact to which 
attention was called by him, that for 
fe same eye much depends upon 
cf/ucation. * The mechanic who 
thought the picture looked to be five 
^eet long, and projected upon a 
screen, was quite unaccustomed to 
Conning judgments with no actual 
objects for comparison ; and in any 
event there was doubtless room for 
improvement in his visual education. 
Another striking example of varia- 
tion in judgment by the same person, 
under changed pphthalmic conditions 
is found in early experiences with the 
binocular microscope, by the original 
inventor of this instrument, Prof. J. 
L. Riddell, of New Orleans, La. In 
looking with both eyes at an object 
ten inches distant, the two visual 
lines form an angle of a little over 
14°, and a corresponding degree of 
co*n traction of the internal rectus 
muscles is necessitated. The two 
tubes of Dr. Riddell's first binocular 
microscope were sensibly parallel, 
the sheaf of rays after passing through 
the objective being divided, and 
tach half subjected to two reflections 



before reaching the observer's eye. 
In a subsequent improvement a pair 
of prisms were placed with the lower 
edges in contact, and rays transmitted 
with two refractions and one reflec- 
tion, reaching the eyes in such man- 
ner that the optic angle was less 
than 14**. In either case, therefore, 
to adapt the eyes to this condition 
the internal rectus muscles were re- 
laxed, and a slight change of adjust- 
ment in the instrument was necessary. 
Dr. Riddell describes the result as 
follows : "Thus, a mite of a wheel 
animalcule, one-hundredth of an 
inch long, will perhaps appear to be 
a foot off, and as large as a mouse ; 
but bring the prisms nearer together, 
and tilt the oculars to correspond, 
and the image waxes marvelously 
immense ; and taking a position per- 
haps apparently more than a hundred 
feet distant, the being, too small to 
be seen with the naked eyes, vies 
with the great whale of the ocean 
in size : wearing an aspect more 
awful to behold than the savage 
beasts of the African forests ; exhibit- 
ing a complex transparent structure, 
more unique and wonderful than the 
mind of man can well conceive." 

We can good-naturedly forgive a 
little exuberance of imagination when 
the reality which it accompanies is 
the first revelation from such an in- 
strument as that introduced to 
science by Dr. Riddell. 



Death and Gontlnuons Life in 
the Animal World.* 

BY N. CHOLODKOWSKY. 

In No. 103 of Zoologischer An- 
zeiger, for the year 1882, appeared an 
essay by Prof. O. Butschli (" Thoughts 
upon Life and Death "), in which, 
referring to the normally not occur- 
ring death of the Protozoa (in the 
sense we use this expression for 
the higher animals), he started the 

* '* Tod und Unsterblichkeit in der Thier- 
welt." Translated from 2^ologischer An- 
zeiger. 
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question of the cau e of the potenti- 
ally endless life of the Protozoa, 
and of the unconditional, necessary 
death of the Metazoa. For the an- 
swering of this question he has pro- 
pounded a new hypothesis. From the 
analogy between the phenomena of 
life and the processes of fermentation, 
he conjectures that there may be a 
special ferment of life, which, among 
the Protozoa, is always renewed by 
nutrition in the body ; in the Meta- 
zoa, on the contrary, the ability to 
renew this life-ferment is restricted 
entirely to the reproductive cells, 
which are thus potentially undying, 
while in the other parts of the or- 
ganism it is entirely used up, thus 
rendering the complicated (metazoic) 
organisms subject to death. 

After careful consideration of this 
hypothesis of the learned author, 
touching upon such important gener- 
al questions, and after the application 
of it to various low, multicellular or- 
ganisms, we saw that, in some cases, 
we came upon contradictory evi- 
dence. How, by means of this hy- 
pothesis, is it to be explained, that 
with those Metazoa which present a 
sexual as well as an asexual repro- 
duction {Hydra, for example) all 
cells are not undying, but a large 
number of them die although the 
supposed ferment of life, that must 
pass over to the successors, neverthe- 
less spreads over the whole body and 
in the whole body is renewed ? If 
all the cells of the body of such ani- 
mals possess the power to produce a 
new individual, they must also have 
the power to produce the so-called 
life-ferment, and be, therefore, ac- 
cording to Biitschli, undying. This, 
however, is not the case, because 
some of them die. 

It appears to us that the cause of the 
death of the Metazoa is to be found in 
the multicellular structure of their or- 
ganization. A single cell always pos- 
sesses, of and for itself, a potentiality 
of unending life ; but so soon as the 
differentiating cells combine into a 
compQund individual, they succumb 



within it to the struggle for existence 
which takes place (as Roux expresses 
it to the " Kampf der Theile im Or- 
ganismus ") which, is very irregularly 
waged, and at last eo ipso leads to the 
destruction of the whole, and to 
death. It follows from this, that it is 
not at all necessary for the explana- 
tion of the potentially continuous life 
of Protozoa, and of the inevitable 
death among the Metazoa, to ad- 
vance a new hypothesis, as we can 
explain these facts by a simple and logi- 
cal interpretation, namely, through 
the principle of the struggle for ex- 
istence. 

The hypothesis of BUtschli calls to 
mind, involuntarily, Darwin's hy- 
pothesis of pangenesis. As, accord- 
ing to Darwin, the hypothetical gran- 
ules separated from the multiplying 
cells are at first supposed to be dis- 
tributed in all parts of the organism, 
and later to be concentrated in the 
reproductive cells, so, according to 
BUtschli, the life-ferment, at first dis- 
seminated in all parts of the body, 
finally becomes concentrated entirely 
in the reproductive cells, in conse- 
quence of their exclusive ability to 
produce it. Hence, we may regard 
the hypothesis of BUtschli as a physi- 
ological paraphrase of the more mor- 
phological Darwinian hypothesis of 
pangenesis. 

o 

Some Yegetable Poisons. 

BY T. J. BURRILL. 

During several years I have occa- 
sionally noticed within the closed 
cells of apparently healthy plants, of 
divers kinds, numerous actively mov- 
ing particles which in form and 
motion were undistinguishable from 
some kinds of the living organisms 
we call bacteria. But inorganic as well 
as organic particles living or dead 
of very minute size, immersed in a 
fluid, quiver and oscillate under the 
microscope like things of independ- 
ent life. This is what is called Brown- 
ian motion. It is exceedingly difficult 
in many cases to distinguish these 
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minute particles, agitated by Brown- 
ian motion, from those of similar size 
and equal activity really possessing 
lik on their own account. The first 
may be particles of charcoal finely 
powdered, or the minute globules of 
oil in an emulsion ; the second are 
grouped together under the common 
name of bacteria. The latter are 
exceedingly abundant in nature and 
found in enormous numbers in every 
putrefying or decaying portion of 
organic substance, at all times every- 
where. There is no longer the least 
doubt, on the part of those who have 
studied the subject, but that the 
minute organisms really cause the 
decompositions and fermentations 
which have so long been considered 
spontaneous in all organic matter, as 
soon as deprived of life. Milk does 
Qot turn sour, meat does not putrefy, 
wood does not rot, a pile of damp 
vegetable matter does not heat, from 
any inherent unstableness of their 
own composition, or from any direct 
ejects of air or temperature. All 
tbese things and ^all others like them 
3re solely due to the operations of 
f^e above-mentioned living organ- 
isms. But from the microscopic ap- 
pearance alone, one is wholly unable 
to positively discriminate between 
some of the not living forms and some 
others known to be living. For 
instance, the milk-sap of the Euphor- 
bias and Chicoracese swarms with 
moving atoms when freshly taken 
from growing plants. Probably these 
exceedingly minute particles are glo- 
bules of oily or resinous matter ; but 
their color, form and motions so 
simulate the living organisms known 
as micrococci or microzymes that I 
question much whether any micro- 
scopist, from appearances alone, 
Would confidently decide whether 
they were the one or the other. He 
Would first seek to know where found, 
what the behavior towards chemical 
reagents, and what the effects of the 
consistency of containing fluids, as 
well as what evidence there was of 
reproduction and death. 



Knowing that cells have for their 
exterior a cellulose membrane in 
which there are absolutely no per- 
forations large enough to be dis- 
covered by the highest and best 
powers of our microscopes, the idea, 
if it occurred, that parasitic or other 
living organisms could gain entrance 
and dwell imprisoned in such manner 
was stifled under a presumed theo- 
retical impossibility. This also must 
have been the case with many other 
botanists and microscopists, for there 
is too much evidence to longer 
doubt that bacteria do sometimes 
inhabit the cells and tissues of ap- 
parently healthy plants ! 

As an instance, I noticed in 1873, 
within the swollen tip of a fertile fila- 
ment of Ascophora mucedo^ a common 
black mould on bread, decaying 
fruits, etc., so many rapidly moving 
particles that in a note made at the 
time the field of the microscope was 
said to have the appearance presented 
by a swarm of gnats in summer air. 
An explanation was sought at the 
time in some peculiar activity of the 
protoplasm of the cell, but examina- 
tion was carefully made to ascertain 
whether or not the cell-wall was with 
or without perforations. For this 
purpose nothing better could be 
selected, for the bladdery structure 
permitted sedng through it in every 
direction. With a power of about 
five hundred diameters, no opening 
of any kind could be discovered, yet 
I am now very confident that these 
active atoms were bacteria, and that 
the motions exhibited were due to 
their own life forces. How they 
gained entrance is left solely to con- 
jecture. 

One year after this a similar note 
was made in regard to the moving 
particles observed within the cells of 
the transparent hairs of a healthy 
plant of Lophospermum scandetis^ a 
green-house climbing vine. In this 
case one cell appeared alive with 
internal motion, while its neighbor, 
separated only by a thin and quite 
transparent partition, showed nothing 
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of the kind. The vine was growing 
vigorously, a healthy, beautiful speci- 
men, raised from seed and at the 
time about four feet high. 

In numerous instances, I have seen 
within the cells of leaves and stems 
of the red foliage plant, known to 
florists as Achyranthes Gtlsoni, simi- 
lar movements ; but the decision is 
not so confidently pronounced as to 
the nature of the bodies. 

Notwithstanding such cases as 
these, no special attention was given 
beyond the passing wonder to the 
matter ; nor was there much impor- 
tance attributed to the observations 
until circumstances occurred which 
recalled attention to the records.* 

Having found that bacteria are 
active agents in causing disease in 
plants, especially such as we call 
blight in the pear, apple, etc., and 
having endeavored to find out how 
the organisms gain access to the 
inner, living tissues, these older ob- 
servations were naturally remem- 
bered and reinvestigated to ascertain 
more positively the nature of the 
active particles. Careful search in 
the healthy tissues of the peer tree 
proved fruitless, so of many others ; 
but now and then the phenomenon 
was observed, and conclusive proof 
obtained regarding the bacterial 
character of the moving atoms. They 
did not simply oscillate and tumble 
about, but progressively wiggled or 
darted this way and that, in the field 
of the microscope. A dilute solution 
of iodine instantly stopped their mo- 
tions. They were observed to repro- 
duce themselves, or rather increase 
in numbers and division. 

There were, in the best instances no 
signs of unhealthfulness in the sup- 
porting plants. In the case of hairs 
consisting of a single row of cells the 
basal one was found more often 
tenanted, the others retaining their 
vitality, though, of course, depending 
on the basal one for their sustenance. 

* Proceedings Am. Asso. for the Adv. of 
Sc. 1880, p. 583. Tenth Report Illinois 
Industrial University, p. 18. 



During the summer of i88i, a 
member of my family was twice 
poisoned upon her arms by Rhus toxi- 
codendron. The first time was early 
in June, and this came from cau- 
tiously handling a leafy twig of the 
plant with gloved hands. Within the 
following twenty-four hours, while 
her hands showed no effects of the 
poison, the forearms, which were 
only partially covered at the time of 
holding the twig in her fingers, were 
manifestly poisoned. The skin be- 
came red, swelling ensued, and after 
the expiration of a day and a night 
the inflammation rapidly increased 
until by the forty-eighth hour there 
was much feverish heat in the affected 
parts, accompanied with pain, a burn- 
ing sensation and intolerable itching. 
Miliary vesicles now appeared, thickly 
studding the skin, from which during 
the two to four days much serum 
was exuded — so much that cloths 
laid upon the arm were soon wet 
through. Upon drying, yellowish, 
gummy matter was left, which some- 
times formed during the night a 
crust-like coating over parts of the 
inflamed skin. Finally, from eight 
to ten days after the exposure, ^^ 
swelling subsided, the exudation 
ceased and desquamation took place, 
during which and for a short time 
thereafter the skin lost its usual sen- 
sitiveness to the touch, as if the 
nerves, too, had suffered. 

Upon microscopically examinmg 
first the exuding serum, then the 
contents of the eruptive vesicles, 
multitudes of very minute spherical 
or double-spheroid, motile bodies 
were seen. From the vesicles espe- 
cially, leucocytes were found, ana 
many of these contained within their 
integument swarms of the movmg 
particles. All the characteristics of 
these minute things gave conclusive 
evidence that they belonged to the 
group of organisms we call bacteria, 
or the Schizophytes, and to that divi- 
sion called by Cohn Micrococci. 

The second infection, more viru- 
lent than the first, took place m 
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August, and became manifest the 
next day after a ramble in the woods, 
hut not so far as is known in contact 
in any way with this poisonous plant. 
The microscopical characteristics 
frere throughout such as have been 
described, and I especially noticed 
the constant occurrence of the organ- 
isms in the white blood-corpuscles, 
and as this was at the time a new 
thing to me for any disease, much 
mention was paid to it. 
With these two series of facts be- 
fore me — the occurrence of bacteria 
in the tissues of living pUnts and 
their presence in the exudations of 
inflamed surfaces of the human body 
in consequence of having touched or 
been in the vicinity of certain plants 
-it was most natural to connect the 
two together on the subject. Accord- 
ingly, during the month of Septem- 
ber, 1881, I gathered some of the 
iresbest, cleanest leaves that could be 
found at that season of the year of 
R^i toxicodendron^ and carefully 
^iskd them in a little pure water. 
Ws water being then examined was 
^oiind to contain several kinds of spores 
0^ fungi, and many minute, shining 
spherules, indistinguishable from the 
Micrococci found in the blood-serum 
before mentioned. This was fol- 
lowed by an examination of the 
fresh juice, taken so as to prevent 
contact with the exterior gf the 
plant, and here, too, minute moving 
bodies were found in great numbers, 
though the majority of the latter are 
•really little resinous globules. To 
coniplete the proof, it seemed to me 
pesirable to directly apply these organ- 
isms from the plant in as pure a state 
^s possible to the skin, and observe 
^w effects. I had supposed myself 
exempt from the bad effects of the 
poison and had little fear of the 
experiment. I therefore carefully 
cleaned off the outer bark of a fresh 
sj^em to remove anything adhering to 
the exterior, cut the stem across and 
quickly secured a small amount of 
he exuding milk-sap, which was 
^^ once transferred to about a hun- 



dred times its bulk of distilled 
water. When well mixed, the fluid 
had only a slight milkiness of appear- 
ance and could not have contained, 
thus diluted, enough of any purely 
chemical poison known, to have seri- 
ously injured the skin or flesh. Still, 
under the microscope, there appeared 
many of the moving atoms. I then 
applied a small amount of the infu- 
sion to my arm, having first desig- 
nated the spot by tlipping the little 
hairs growing upon it. The area 
covered was not over one-third of 
an inch in diameter, and the water 
dried away in about one minute. 
On awakening the next morning, 
eighteen hours after the application, 
the spot was evident from its redness, 
and there was a slight sensation of 
heat in the part, both of which symp- 
toms rapidly increased, becoming 
very evident by the twenty-fourth 
hour and accompanied with itching. 
By the forty-eighth hour my arm was 
much inflamed and somewhat swollen 
over an area about four inches 
across. Miliary vesicles arose, but 
there was very little serum exuded. 
The inflamed surface increased • in 
size during some six days. To more 
fully test the infectious nature of the 
disease I placed a little of the exuda- 
tion on a remote part of my body, 
and had the satisfaction of having 
another place to appease by friction. 
After about ten days the malady had 
evidently run its course and gradu- 
ally abated. 

Now I was satisfied that this was 
very much worse than it would have 
been upon my hands, except perhaps 
where the skin was especially thin, 
as between the fingers ; on the 
palmar surfaces no effect whatever 
was or, I believe, ever is produced. 
I was also abundantly satisfied with 
one experiment, not caring to repeat 
the process for the sake of comparing 
results. 

Once in midwinter and once in 
August, 1882, I examined the juice 
of this poisonous Rhus without find- 
ing the micrococci, yet after handling 
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the plant in the first instance my lips 
and nose plainly enough showed the 
consequences, probably from a trans- 
fer by means of my handkerchief. 
In the second case, no results have 
been noticed. 

I turn now to another class of 
poisonous plants, to be more briefly 
treated because the facts are not so 
well worked up. I mean the poison- 
ous fungi, known as mushrooms and 
toadstools. 

It certainly is not hard to find un- 
doubted bacteria in many of these 
as well as other fungi. In crushing 
the fruit-balls (conceptacles) of the 
leaf-moulds (Erysiphae) under a 
cover-glass, I have frequently seen 
issuing from the ruptured balls pecu- 
liar bacteria which darted hither and 
yon in the water in which they were 
immersed, from this statement, my 
botanical friends may think I have 
mistaken the minute spores some- 
times found in these conceptacles for 
bacteria, but such is not the case. I 
have already cited an instance of 
finding a swarm of micrococci in a 
filament of a common mould, and it 
may now be added that they have 
several times been seen in great num- 
bers in the tissues of the fleshy fungi, 
while the latter were still young and 
fresh. 

When these poisonous plants are 
used as food there seems to be two 
pretty well marked modes of mis- 
chievous action, working either 
singly or combined. In one case 
the bad results are soon made known 
by pain and vomitting ; in the other 
case the unfortunate individual per- 
ceives nothing wrong for from six to 
ten or more hours after eating. The 
first has been ascribed to a peculiar 
acrid, the second to a narcotic prin- 
ciple, in the mushrooms. The former, 
though violent, is not nearly so dan- 
gerous to life as the slower action of 
the second. When both act together, 
or rather one after the other, peril is 
imminent. 

Four persons died from this cause 
last October in Brazil, Indiana, for 



an account of which I am indebted 
to the attending physician. Dr. John 
T. Pric3. The poisonous fungi were 
eaten at noon October i6th, and two 
died on the i8th, late, and two on the 
2 2d, one about noon, the other at six 
P. M. The physician says they had 
towards the last no particular pain, 
but that decomposition had evidently 
set in before death. 

I relate these terrible accounts to 
show what serious effects may follow 
the use of these plants for food, and 
also to show, by the course of the 
disease, that there is reason to suspect 
an organic growth as the cause of the 
. disastrous consequences. 

But I have also introduced these 
unpleasant facts to show what a 
change must be wrought in these 
same poisonous fungi by the process 
of cooking, steeping in vinegar, and 
the various processes of catsup-mak- 
ing, for it is well known that all sorts 
of mushrooms are collected and used 
for this purpose with no ill effects. I 
once was asked to taste of some sup- 
posed mushrooms which had been 
collected two or three weeks before 
and placed in strong vinegar, and 
was assured that they had been eaten 
with nothing but pleasant remem- 
brances of the fine flavor. Yet these 
were certainly poisonous when col- 
lected. 

In conclusion, it may be said that 
all poisoning from plants cannot be 
explained by reference to living 
organisms. We know that garden 
vegetables, usually innocent and 
healthful, are at times really poison- 
ous, especially when eaten raw, as we 
eat radishes, cucumbers, etc. Certain 
kinds of grasses are commonly said 
to be poisonous to animals, though 
the plants of the order Graminea are 
so free from any deleterious proper- 
ties that botanists have long doubted 
the accuracy of the observations upon 
which poisonous properties were 
attributed to them. After a care- 
ful perusal of the injuries caused 
by the famous though misrepre- 
sented Upas tree, there does not 
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seem to me any other theoretical 
interpretation of the facts so sugges- 
tive as this of the action of hving 
organisms tenanting its tissues. Dr. 
Sternberg, of the National Board of 
Healthy has shown that the minute 
organisms found in his own saliva, 
while he was in perfect health, were, ' 
by inoculation, deadly poisonous to 
rabbits. So that we may reason by 
analogy that a comparatively innocent 
or even useful organism to a support- 
ing plant may be decidedly harmful 
when transferred to ourselves. 



Heliopelta Lewenbokii. 

In looking over a deposit of weed 
from Long Island Sound, I found 
some thirty or more specimens of //. 
lavenhokiiy and, not knowing that 
they were found in recent gatherings, 
I wrote to my correspondent, Mr. 
Charles Stodder, and he says in re- 
ply, that " I have never seen a record 
^^ Heliopelta having been found re- 
cent ; if you are not mistaken in the 
genus, it is an important discovery. 
Tiere is no reason why it should not 
^ found living. Ehrenberg, thirty 
years and more ago, designated many 
forms as fossil only, but many of 
them have since been found in re- 
cent deposits." I should be pleased 
to hear from diatom collectors if they 
liave seen any, and can send a slide 
for study to any one who will write 
to me about it. 

Thos. Christian. 

Richmond, Va. 



Tadpoles. 

About the middle of last May I se- 
cured a number of tadpoles to make 
observations upon the caudal circula- 
tion — each individual had only the 
left eye open. In three days the other 
appeared, and in about the same time 
after that the right leg presented it- 
self, since when no other visible 
changes have occurred in form, size, 
color, or demeanor. 

That solitary undemonstrative leg 



has hung, swung, floated and waved 
behind through four warm, dreary, 
summer months, as useless to all in- 
tents as a Chinaman's pigtail, and it 
still waves — active, vigorous and cpn- 
tented. What will these changeless 
tadpoles ever come to be ? One leg 
has evoluted, the other involuted ; 
and of the little rotund body it may 
with propriety be said, that " thereby 
hangs two tails, one of which will ul- 
timately be spelled without an egotis- 
tical vowel. But the question is, how 
long will the other continue to wag 
the little tadpole ? It is certainly a 
case of arrest of development — but 
why ? Every condition known has 
been continuously supplied — food, 
water, muck, sunlight, shade, warmth, 
etc., but they are only little tadpoles 
still. P. L. Hatch. 

Minneapolis, Minn. 
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Committee on Ruled Plates. — 
At the meeting of the Section of His- 
tology and Microscopy of the A. A. A. 
S., at Montreal, after the reading 
of Prof. W. A. Rogers' paper on 
ruled lines, a resolution was offered 
that a committee be appointed 
to receive ruled plates from* dif- 
ferent makers that might be offered 
for examination in accordance with 
the suggestions made by Prof. Rogers. 
After som.e discussion the resolution 
was carried, but it was afterward de- 
cided to postpone the appointment of 
the committee until some future time. 

We regard this as a great step to- 
ward the settlement of the question 
of the practical limit of resolution, in- 
dependent of any theoretical consid- 
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erations. If the reader will refer 
once more to that portion of Prof. 
Rogers' article printed on page i66, 
he will understand the nature of the 
test proposed, and the interests at- 
tached to the results of such an ex- 
amination. We hope, and believe, 
that at the next meeting of the A. A. 
A. S. a committee will be appointed 
in accordance with the suggestions 
already referred to. 

o 

Intracellular Digestion of 
THE Lower Animals. — In a recent 
number of Zoologischer Anzeiger, El 
Metschinikoff has an interesting arti- 
cle on this subject, which, however, 
is largely a criticism of the opinions 
of another author. 

Although it has long been known 
that some of the lower animals can 
take nutritive particles into their in- 
testinal cells, the whole question of 
intracellular digestion has been taken 
up systematically only during the last 
few years. The older observations on 
the intracellular digestion of the lower 
Metazoa remained isolated and were 
soon forgotten. Led by the facts of 
embryology to the assumption that 
in the original condition the digestive 
organ must produce a solid, intracel- 
lular, digestive parenchyme, the 
author has studied the digestive pro- 
cess of the lower organisms since the 
year 1877, and proved that in ,the 
turbellaria and coelenterata (includ- 
ing the sponges) intracellular diges- 
tion is general. Taking the results 
obtained with Protozoa, it was ob- 
served that the processes of digestion 
in some of the lower Metazoa are the 
same as in the infusoria. Experi- 
ments were made with carmine, 
striated muscle, the yolk of hard- 
boiled eggs, starch, etc., but these, 
while they could be readily observed 
within the animals, were not found to 
be readily assimilated ; but by feed- 
ing with natural foods, digestion 
was easily observed. An excellent 
organism for such observations is a 
Ctenophora, ** in which one can follow 
the entire process, from beginning to 



end, /. e., to the formation of the 
partly crystalline concretions within 
the vacuoles, in one and the same 
individual." 

This subject can only be studied 
microscopically. " The physiologi- 
cal-chemical method, however im- 
• portant it appears to be, cannot be 
used in the investigation of such 
minute objects as Protozoa, and cells." 
Fortunately, however, it can be satis- 
factorily studied with the microscope ; 
and we suggest this as a good, and 
almost new, field for any one who will 
undertake the labor of investigation. 
It requires only patience and careful 
observation to reach interesting and 
valuable results. Prof. Leidy has 
studied the process of digestion 
among some of the rhizopods, and 
no one can read his descriptions of 
it without finding them very interest- 
ing. 

o 

Mounting Histological Speci- 
mens. — It will probably be a long 
time before histologists will be agreed 
as to the best medium for mounting 
their specimens. Mr. T. Charters 
White, M. R. C. S., in the course oi 
a very practical article " On the In- 
jection of Specimens for Microscopi- 
cal Examination," read before the 
Quekett Club, used these words: 
" You will, in the subsequent ex- 
amination of it [the specimen pre- 
pared], be able to determine how 
much is the result of the mounting 
medium in which I have placed it ; 
for my part, I believe it is entirely 
due to this that not only the villi but 
the LieberkUhnian follicles are most 
clearly shown with the capillary ves- 
sels coursing all through and around 
them ; and I must aver that had this 
specimen been mounted in balsam. 
or dammar, every detail would have 
been sacrificed. I consider balsam 
to be the greatest bane histology has 
to fight against." 

The mounting medium referred to, 
was glycerin and camphor-water. 
Other histologists condemn glycerin 
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above all things. They " cannot use 
it/' " it makes the specimens granu- 
lar," they have all sorts of objections 
to it. So they use balsam, and roost 
of the specimens sold are balsam- 
mounts. Evidently there is some- 
thing wrong ; but the doctors disa- 
gree, so how are we to know what to 
do? 

Perhaps many of our readers re- 
member how bitterly Dr. Beale was 
ittacked by many writers, when he 
first praised glycerin for mounting. 
He was allowed no quarter, and an 
impartial reader could only conclude 
that Dr. Beale had deliberately told 
a great many untruths about his ex- 
perience with glycerin, or else that 
his critics were talking at random, 
and without giving his methods a 
fair trial. Undoubtedly the fault 
was with the latter, for glycerin is 
' now successfully used by many. 

The studies of Prof. Abbe, Mr. 
Stephenson, and a few others, have 
Hto a more accurate knowledge of 
^W influence of mounting media up- 
on the appearance of various objects, 
wthat it is only necessary to know 
f^e refractive index of the parts we 
Wre to examine to select the best 
•nedium for their demonstration. 
To be sure, it is quite impracticable 
^0 do this, but the researches of these 
gentlemen have proved that the visi- 
bility of objects is determined by the 
relative refractive indices of the ob- 
ject and the medium in which it is 
niounted. Hence, to obtain the best 
fesults possible with any specimen, 
It is only necessary to have a series 
of mounting fluids of different refrac- 
tive powers, and to try each one of 
tliem until the effect is satisfactory. 

The fluid described on page 1 16 ful- 
fils all these requirements for any ob- 
ject that may be chosen, and micro- 
scopists and histologists should not 
l^e slow to avail themselves of the ad- 
vantages afforded by this compound. 



Transactions of the Connecti- 
cut Academy of Arts and Scien- 



ces. — The second parts of Volumes 
IV and V have both been issued. 
Among the most notable contribu- 
tions in the former we notice one by 
Prof. Verrill; on " New England 
Annelida" which is an historical 
sketch with annotated lists of the 
species hitherto recorded, illustrated 
with nine plates. This number also 
contains articles on new diptera, with 
an account of the American species 
of Conops ; on Pimixia and certain 
decapod Crustacea of the New-Eng- 
land coast. 

The second part of the fifth vol- 
ume, contains about 350 pages, and 
33 fine plates, illustrating two articles 
by Prof. Verrill, one on the Cephalo- 
pods of the north-eastern coast of 
North America, the other a catalogue 
of the Marine Mollusca added to the 
Fauna of New England, during the 
past ten years. 

NOTES. 



— Mr. Gninow, the maker of the mi- 
croscope described in the August number, 
informs us that we were in error in stating 
that the objective furnished with it is a 
X^inch. It should have been ^-inch. 
The objective sold with the stand is a yi" 
inch, warranted to resolve Pleurosigma 
angulatum in balsam, with central light. 
Mr. Grunow has also devised a new cam- 
era lucida, which he thinks possesses cer- 
tain advantages over all others. We hope 
to describe it next month. 

— Prof. D. S Kellicott has sent us the 
following note ; — 

"I found Ophrydium versatile at 
Round Lake, Petoskey, Mich., in July last. 
The masses were floating or attached to 
weeds in shallow water ; the size of the 
elobes varied from that of a cherry to 
four or five inches in diameter. I have 
recently found small ones at Buffalo." 

— The Aurora (111.) Microscopical Soci- 
ety, at its annual meeting held September 
6th, elected the following officers for the 
ensuing year : Rev. R. O. Shepperd, D. 
D., President ; Chas. W. Quereau, Vice- 
President ; Dr. John E. Hurl but. Secre- 
tary ; Arthur P. Vaughan, Esq., Treasur- 
er ; Dr. H. G. Gable, Prof. J. H. Freeman, 
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and Rev. Dr. Shepperd. Executive Com- 
mittee. 

— We omitted to mention last month, 
in our report of the meeting of the A. A. 
A. S., that Prof. A. H. Tuttle read a pa- 
per before the Section of Histology and 
Microscopy on the epidermis of the mar- 
sipo-branchs. This was an oversight 
which we regret. 

— At the Montreal meeting Dr. Carl Seil- 
er stated that, after considerable experien'*e 
in grinding ktiives for cutting thin sections, 
he had found that the bevel of the edge 
should be the same on the two sides, and 
he explained a device which enabled him 
to ensure the true bevel without difificulty. 

NOTICES OP BOOKS. 



The Republic of Mexico in 1882 with Re- 
vised and Corrected Map. By Lorenzo 
Castro. New York : Thompson & 
Moreau, Printers, No 51 & 53 Maiden 
Lane, 1882. (8vo., pp. iv and 271.) 

This is a very valuable publication, giv- 
ing a vast amount of useful information 
concerning the present condition of Mexi- 
co, its resources and its productions. It be- 
gins with an epitome of the early history 
of Mexico, and g^ves an account of its 
people, its antiquities, its construction, 
and its form of government. The physi- 
cal geography and the climate of Mexico 
are treated at considerable length, and ihb 
important mining and agricultural re- 
sources enumerated, in which the author 
finds promise of great future prosperity 
and wealth to the State. The Republic 
of Mexico is divided into 27 States, 1 Ter- 
ritory and 1 Federal District. Each of 
these is described. 

A history of mining and a catalogue of 
the mining districts is given, also a num- 
ber of itineraries for the benefit of travel- 
lers visiting the country either for busi- 
ness or pleasure. A large and well exe- 
cuted map, 35 by 49 inches, is appended. 

Annual Report of the Operations of the 
United States Life-saving Service for 
the fiscal year ending June 30th, 1881. 
Washington : Government Printing Of- 
fice, 1881. (Pp. 428.) 

The extent and importance of the Life- 
saving Service is becoming better appre- 
ciated by the public every year. This re- 
port enumerates 149 stations along the 
United States sea-board, of which 6 are on 
the Pacific coast, besides 34 others on the 



shores of the Great Lakes. During the 
year ending June 30th, 1881, there were 
reported 250 disasters to vessels, having 
on board 1,878 persons, and only 24 (3 
these were lost, while 66 vessels became 
total wrecks. 

The methods of saving life employed 
at the stations are vividly set forth in 
the naratives given of tne shipwrecks 
involving loss of life. The service has 
attained a high degree of efficiency, and 
saves not only hundreds of lives but also 
millions of dollars to commerce every 
year. 



Exchanges. 

[Exchanges are inserted in this column without 
charge. They will be strictly limited to mounted 
objects, and material for mounting.] 

Wanted — To exchange, good slides correctly named, 
or material for mounting for same. 

F. C. SMITH, Bridgeport, Conn. 



Wanted, material containing Pleurosigma angula- 
tum, Nitzschia sigmoidia, Frustulia Saxonica and 
Amphipleura pellucida. Mounted diatoms or material 
in exchange. 

T. CHRISTIAN, 
108 Virginia, St., Richmond, Va. 



Wanted — Diatomaceous material from New Hamp- 
shire containing A m^Aip/eura I, tndAftmerr\ in ex- 
change for materials from North of Ireland. 

WILLIAM A. FIRTH, 
Whiterock, Belfast, Ireland. 



Striatella unipuncta^ Rhabdonema Adriaticum^ 
and other first-class crude material, to exchange for 
named diatoms and first-class material— prepared and 
particularly foreign material preferred. 

M. A. BOOTH, Longmeadow, Mass. 



Mounted crystals for the poloriscope^ diatoms (a 
fine collection), fresh-water algae f oraminifera, in ex- 
change for other well-mounted objects. Send speci- 
mens and full value will be returned. 

R. HITCHCOCK, 58 Maiden Lane, New York. 



Well-mounted sections of Rat's tongue. Rabbits 
eye and Cat's muscle, for other well-mounted objects. 

F. B. CARTER, 
5x9 Gates Ave., Brooklyn, N. Y. 



On receipt of a well-mounted slide, I will send a 
slide of crystals (for the polarizer), of siny of ^^^ ^ 
vegetable products which I may have ; will send list 
of same on receipt of postal request. 

J. KETCHUM, Ir., ^. 
P. O. Box 877, New York City. 



Wanted. — Animal parasites, Ixod«SvA?<?J np*^"' 
either mounted or unmounted. W. A. HYSLOr, 
aa Palmerston Place. Edinburg, Scotland. 



Unmounted objects, Foraminifera, Spicules, Plant- 
hairs, Zoophytes, etc., in exchange for other objects, 
mounted or unmounted . ,„ 

E. PINCKNEY, Duon, lU. 
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Grnnow's New Camera Laelda. 

Mr. J. Gninow of this city has con- 
sinicted a new camera lucida, which 
deserves the attention of micros- 

copists. 
It was described by the Editor at 
' a recent meeting of the New York 
Microscopical Society. 

The instrument consists of three 
rectangular, equilateral prisms, so 
"ranged that when placed over the 
fye-piece with the microscope in- 
clined, which is the most convenient 
position.a portion of the surface of the 
"ork-table of the size of about ii by 
'S inches is projected into the field 
"I view, so as to be distinctly and 
tltarly seen together with the object 
<"> the stage. 



Fig. 



43- 



The two prisms e, /, g, and h,f,g 
Me cemented together so as to form 
acube; the sides A,f, and/, ^, being 
parallel. The hypothenuse /, g, of 
the prism h,/,g, is silvered, to do 
away with the blue halo, otherwise 



peculiar to this form of prism, which 
would greatly obscure the reflected 
image. 

The silver is removed at the centre 
of the coating, at the point o, so as to 
leave a clear space about half the 
diameter of the pupil of the eye. 
The other prism l,j, k, is placed with 
the side j, k, inclined to the cube 
^> Stfy 't 3t ^^^ an angle as may be 
most desirable. 

In viewing the object under obser- 
vation in the direction of N, M, 
through the aperture at o, we see the 
whole field of view, while at the same 
time the drawing board and pencil 
are reflected from the side l,j, of the 
prism/,/, (6, to the silvered surface 
/, g, and then reflected to the eye in 
the direction of P, N. 

Both the pencil point and the ob- 
ject are very clearly seen without any 
strain upon the eye. 

It is in this respect that the maker 
claims for this camera lucida superi- 
ority to any other form. 

It can be immediately applied, 
while the microscope is in an inclined 
or vertical position, without any 
change of conditions or loss of time. 

The camera is simply slipped over 
the eye-piece, the paper placed on 
the table, and the drawing proceeded 
with. 

Javelle Water for Mleroseoplcal 
Purposes.* 

Pearls and Altmann have used Ja- 
velle water for the destruction of 
animal tissues, and thereby have 
found that the fat withstands the 
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action of this water. Without having 
known of their work I used Javelle 
water in the preparation of spongillae. 

If silicious sponges are burned or 
heated in alkali solution the hard 
t)arts, spicules, amphidisks etc., fall 
apart and cannot be prepared in their 
natural position. In order to obtain 
them in their natural position in the 
most convenient way, a portion of 
the sponge is placed on a slide, co- 
vered with a few drops of Javelle 
water and allowed to stand protected 
by a watch-glass until all the soft 
parts are dissolved, which may be in 
20-30 minutes with thin pieces. 
Gemmules require a longer time, per- 
haps over night, and their contents 
an dissolved without destruction of 
the outer membrane. 

When all the protoplasm is dis- 
solved the preparation is treated with 
acetic acid, which removes all ob- 
scuring precipitates, then washed 
with dilute, and finally with absolute 
alcohol, after which oil of cloves will 
clear all the still dull-looking gemmu- 
les andCanada balsam can be used for 
mounting. The gemmules of Spon- 
gilla fluvtatiliSy Lieberkuhnia and con- 
tecta, and of such specimens as grow 
spread out flat on the under sides of 
stones, are obtained in situ among the 
spicules, and give with these a com- 
plete picture of the form of the 
sponge. In thicker sponges, as the 
free growing specimens of Sp. Libber- 
kiiknia, the needles remain united al- 
though the superficial and cement- 
ing substance is dissolved. The 
layer beneath behaves differently; 
like the covering of the gemmules it 
is not destroyed, but it does not be- 
come colored black with nitrate of 
silver like the latter. 

Sponges often contain diatoms in 
their substance. These also are pre- 
pared with the sponges as clean as 
by burning or by boiling in acid. 
The appearance of the frustules in 
the Canada balsam is such that I 
believe the Javelle water would be a 
very useful reagent for the prepara- 
tion of diatoms. 



Animal and Vegetable Chloro-^ 

phyll. 

The Editor of the Botanical Gazett^ 
writes as follows concerning this sub- 
ject : ** To say that one difference 
between plants and animals is that 
the food of the former is inorganic 
and that of the latter organic is 
hardly a correct statement, for the 
food of both kinds of organisms is 
necessarily organic, and its consump- 
tion in both cases is attended by a 
true respiration. A better statement 
would be that plants, in general, have 
the power of making their own food, 
while animals, in general, do not. 
We recognize that the agent in this 
case is the granule of protoplasm co- 
lored by chlorophyll, just as in the 
consumption of the prepared food 
the activity is vested in uncolored 
protoplasm. The presence, therefore, 
of chlorophyll granules lies at the 
very basis of the distinction between 
plants and animals. It is generally 
stated that this does not hold uni- 
versally, as the fungi are devoid of 
chlorophyll and some animals are 
known to possess it. The question 
has now arisen, whether the so-called 
animal chlorophyll is the same as 
that of the plant. The results oi 
some investigations upon this subject 
are given by K. Brandt in the Popular 
Science Monthly for October. The 
investigations seem to show that, mor- 
phologically, fhe animal chlorophyll 
is by no means the same as that of the 
plant for the green bodies which ap- 
pear in some animals are themselves 
cells rather than cell-contents, and are 
nothing else than unicellular plants 
which have immigrated to animal 
bodies.They are both morphologically 
and physiologically distinct from their 
hosts, for they can live when separa- 
ted from them and form starch in the 
sunlight. Thus the distinction is 
based on the same principle as be- 
fore, namely, the power of originating, 
for now we can say not only that 
plants make their own food and ani- 
mals do not, but also that plants make 
their own chlorophyll while animals 
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do not. But a strange revelation is 
the relation which these green algae 
and other yellow algae sustain to the 
animals in which they live. When 
they are absent the host animal must 
live like other animals, but when they 
are present they can prepare food for 
their host out of inorganic material 
and the animal can live with the sur- 
roundings of a plant. This partner- 
ship arrangement between animals 
and plants upon the lowest confines of 
the two kingdoms may not seem un- 
likely now that it is suggested, and 
reminds one of the sentence in Dr. 
Cray's Darwinicmay which says that 
'there is a limbo filled with organisms 
which never rise high enough in the 
scale to be manifestly either animal 
or plant, unless it may be said of 
some of them that they, are each in 
turn, and neither long." Chlorophyll 
thus holds the same relation to the 
bodies of animals which it inhabits 
as it does to plants, and although in 
^^ two cases it is morphologically 
Wnct, it is physiologically the 
same." 



Kemarks of Dr. W. B. Carpen- 
ter, made at the Dinner of 
the New York Micro- 
scopical Society. 

I am, perhaps, the only working 
roicroscopist now surviving, who re- 
members that first development of 
the achromatic microscope in Lon- 
<ion, which took place quite indepen- 
dently of what had been attempted 
by Prof. Amici, in Italy, some time 
previously, and of what was then 
being done by MM. Selligues and 
Chevalier in Paris. A relative of 
tnine who had been in business 
^s a manufacturing optician in 
Birmingham (where he brought out 
the kaleidoscope for Sir David Brew- 
ster), having removed to the Metro- 
polis, had there become acquainted 
with Dr. Goring, — a gentleman of 
considerable scientific attainments 
and of independent fortune, who was 
^^ry desirous of promoting the im- 



provement of the microscope by the 
application of the principal of achro- 
matism to the construction of micro- 
scope objectives. In ignorance of 
the unsuccessful attempt of Prof. 
Amici (who was then turning his at- 
tention to the reflecting construction, 
as likely to yield better results), and 
of the contemporaneous labors of 
Paris opticians, Dr. Goring arranged 
with Mr. Tulley, who at that time 
ranked as the best constructor of 
telescope object-glasses in London, to 
attempt the construction of a micro- 
scope objective ; and, working upon 
his previous lines, Mr. Tulley, at last, 
succeeded in producing a " telescopic 
triplet " of about an inch focus, which 
was immeasurably superior in its per- 
formance to the single lenses used as 
objectives up to that time. I very 
well remember hearing, some 55 
years ago, that when Dr. Goring 
asked Mr. Tulley what he was to pay 
him for this glass, Mr. Tulley replied 
•that he could not consider that the 
time and labor he had expended in 
its production, would be fairly re- 
munerated at less than 50 guineas, — 
which Dr. Goring willingly paid him. 
Encouraged by this success, Mr. 
Tulley made a second "telescopic 
triplet " of shorter focus than the 
first ; and this, when superimposed 
upon the first, raised its power to 
about a half-inch, with a consider- 
able increase of angular aperture. 
I saw this combination tried, about 
the year 1830, in a solar microscope, 
upon the eye of a fly (which had been 
previously exhibited with a single 
lens) ; and was struck with the excel- 
lence of its definition over the entire 
field, the absence of the broad color- 
ed fringes which the non-achroma- 
tized lens everywhere showed, es- 
pecially towards the edge of the im- 
age, and the vastly superior bright- 
ness of the picture. I believe that it 
was with this combination that Dr. 
Goring first saw the striae on the 
scale of the MenelauSy and the dots 
on the "battle-dore " scales of the 
Lycana argusy which became the first 
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test-objects" for English achro* 
matics. At that time, our best work* 
ers in biological investigation were 
using — not the compound micro- 
scope — ^but the WoUaston " doublet/* 
which had been greatly improved by 
its constructors ; and, for the highest 
powers, a " triplet " made on the 
same plan. It was with these that 
my late friend Prof. Sharpey, carried 
out those admirable researches on 
ciliary movement, which early gained 
for him a deserved reputation ; and 
that Mr. Slack executed his beautiful 
dissections of vegetable tissues. 

It was at this time — about half a 
century ago — that the achromatic 
combinations made by the French 
opticians, having a magnifying power 
considerably greater than that of 
TuUey, were first introduced into 
London. The power of these com- 
binations was gained by screwing, one 
upon another, three, or even four 
pairs, each consisting of a double- 
convex of crown, and a plano-con» 
cave of flint ; such as are now sup- 
plied with the cheapest French mi- 
croscopes, — the back pair being of 
lower power, so as, when used alone, 
to give about the same amplification 
as Tulley's inch. This plan gave re- 
sults for what were then accounted 
high-powers, which caused it to be 
forthwith adopted by the London 
makers Ross, and Powell, who had 
been previously constructing WoUas- 
ton doublets . and triplets ; and they 
soon produced objectives of one- 
fourth or one-sixth inch focus, quite 
equal to those of French makers, and 
low powers much superior to theirs. 

The next great improvement was 
the result of the theoretical investi- 
gations of Mr. Lister, the father of 
Prof. Lister (of " anaesthetic sur- 
gery " fame), and uncle of the Messrs. 
Beck. Mr. Lister (whom I well 
knew), was a gentleman of consider- 
able scientific attainments ; who de- 
voted a large amount of time and 
money to the improvement of the 
achromatic microscope, and was 
himself a worker of no mean ability 



in marine zodlogy. By the applica- 
tion of mathematical analysis to the 
designing of microscope objectives, 
he showed that by giving to each 
pair of the triple combination a 
special relation to the other pairs, 
the errors of the whole could be 
much more completely eliminated 
than they were by the existing 
method ; and that not only a more 
perfect correction, but a great en- 
largement of the angle, could be thus 
obtained. He endeavored to induce 
Ross and Powell to begin afresh upon 
his principle ; but not finding them 
disposed to do so, he took up James 
Smith, then a mere workman, and 
furnished him with the means of con- 
structing objectives upon his own 
designs. Smith soon produced a 
" quarter " which was so superior to 
the best of Ross's and Powell's, that 
the value of Mr. Lister's system was 
at once universally recognized ; and 
thenceforward, all makers have 
worked upon it. In connection with 
James Smith, Mr. Lister also worked 
out the plan of construction which 
consisted in resting the "body," of 
the microscope along its length up- 
on a " limb," instead of supporting it 
at its base alone ; and to his friend 
Mr. Jackson, a surgeon who had a 
mechanical turn, we are indebted for 
the plan of swinging this limb be- 
tween two side supports, instead of 
attaching it by a " cradle-joint " on 
the top of a single pillar, as in 
the methods then followed by 
Ross and Powell. Mr. Jackson's im- 
provement originated in this way :— 
Wishing to build a microscope for 
himself, he had a difficulty about the 
cradle-joint, which, before planing- 
machines came into use, could only 
be well constructed by a better filer 
than he knew himself to be. Being, 
on the other hand, a tolerable turn- 
er, he saw that, by swinging his 
limb on a horizontal axis, he could 
rest the turned extremities of this 
upon two side pillars ; and thus 
was originated the "Jackson-Lister 
model," which was first adopted by 
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the finn of Smith & Beck (established 
in London by Mr. Lister's help), and 
is now, with various modifications of 
detail, almost universally followed in 
the construction of all save the smal- 
lest and simplest microscopes, as well 
in this country as in Great Britain. 
BeiDg personally cognizant of every- 
thing I have now stated to you, I 
have thought that it might be of in- 
terest to you to hear it direct from 
myself ; and have only in conclusion 
to offer you my cordial thanks for 
the very kind welcome I have re- 
ceived from you, and my best wishes 
for the continued success of your 
Society. 

o 

ibstract of the Address of Pro- 
fessor Albert H. Tuttle.* 

It is my esteemed and honorable 
privilege to preside over the first ses- 
sion of this body held with its present 
organization and standing as an inde- 
pendent Section of the Association. 

In assuming the duties and the 
hoitors conferred upon me, I find my 

niiod reverting to the antecedents of 
tliis Section and the days of its begin- 
nings. Some, at least, among you, 
^11 recall with me the daily gather- 
ing of a little company in an out-of- 
the-way room during the Salem meet- 
ing of the American Association in 
1869, ^o which the name of "the Sub- 
section of Microscopy" was first 
given. 

Long shall I remember the sessions 
of that meeting, half formal, half in- 
formal. There we debated (or listened 
while others debated) gravely whether 
or 10 the *' nineteenth band " had re- 
ally been resolved. We triumphed 
onitedly in the clearness of the de- 
monstration by one of the more ex- 
pert of our number of the "basket- 
work " upon SurireUa gemma, — mM- 
ma Mtf/^then, to us of test-objects; and 
soiae of ttSy at least, looked for the 
first time, at and through what was 

^DeUvered before the Section of Htstologf 
ttd MicraecopT of the A. A. A. S. , at Mon- 
trtai. 



for us the crowning wonder of the day 
— a Wenham binocularl We discussed 
there in simple faith the merits and 
demerits of *^that quality in an objec- 
tive we termed penetration" with- 
out a shadow of doubt as to whether 
we agreed as to what we meant by the 
expression, or any dream of the lat- 
ter day scepticism as to the very 
existence of the "quality" we so 
earnestly discussed. We listened 
eagerly while the late Mr. Bicknell 
described the method by which he 
made his then unrivalled injections, 
the open secret of which appeared to 
be, when all was told, that the way to 
make good injections (or good any- 
thing else)was to take each step intel- 
ligently, carefully and correctly ; and 
we gazed with interest, if not with ad- 
miration, at a demonstration which 
some who were present then will per- 
haps recall, of how a microscope can 
be made to serve as almost anything 
that it was not intended to be, if you 
only modify it sufficiently, and add 

pieces enough. 
*♦•♦»♦• 

If microscopes were not as numer- 
ous then as now, neither were they as 
easily to be had. In that day he who 
wanted to buy a microscope had to 
hunt for it. To-day I had almost 
said that a man must be rather ingen- 
ious to avoid buying half a dozen. 
Then, he who wished an instrument 
from a foreign workshop had to make 
it the subject of a special order ; to- 
day half a dozen importers carry ex- 
tensive stocks of the instruments most 
likely to be in demand. Then, as re- 
gards American-made microscopes, 
if a stand was wanted, the buyer look- 
ed (and not unwisely) first of all, to a 
little shop in Philadelphia where la- 
bored and still labors — long may he 
do so — one the thoroughness and 
fidelity of whose handiwork alone en- 
able him still to hold his own against 
a score of competitors, who by hand 
and by steam are putting yearly upoft 
the market countless instruments of 
every conceivable plan and of all 
grades of excellence. If one sought 
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for objectives of the highest character 
he must perforce seek the atelier in 
Boston of one who then stood with- 
out a rival on the American continent. 
Though his work is, as I believe, yet 
to be surpassed, one may look to-day 
not unprofitably in three or four other 
directions to find makers of thorough- 
ly excellent objectives ; objectives, if 
you choose, whose available angle of 
aperture includes, as a still sceptical 
friend of mine dryly puts it, by far the 
greater portion of a circumference ; 
while as regards low powers and mod- 
erate angles, the market now abounds 
with excellent American-made objec- 
tives. 

I would not overlook the fact that 
there were other makers in this coun- 
try at that time ; men who made ex- 
cellent stands, and men who made 
excellent objectives ; but I am con- 
fident that I do no injustice to others 
in saying that the two whom I have 
indicated were the only ones at all 

widely known. 

• * « * « • * 

Such, as I recall them, were the 
impressions made upon a young west- 
ern teacher, himself then a beginner 
(and even now but little more) of 
the times and the sessions of the first 
Subsecfion of Microscopy of the 
American Association. The effort 
made at that time to bring together 
the workers with our favorite instru- 
ment was renewed from year to year 
at succeeding meetings, the movement 
gathering strength at Troy, at Indian- 
apolis, at Dubuque, at Hartford, at 
Detroit, at Buffalo (where the Sub- 
section acquired the dignity of a per- 
manent organization), and at each 
succeeding meeting, until the result 
has been obtained which we witness 
to-day. 

While the vastly increased interest 
manifested in America to-day in the 
microscope and its use must, of course, 
be chiefly attributed to that phenom- 
enal movement in biological science 
which we have been so happy as to wit- 
ness, and from which we have derived 
so many and so varied benefits, I think 



I may justly claim that no small credit 
should be given to the yearly meetings 
of the Subsection, with their usual 
exhibitions and soirees, giving to the 
people of the various communities in 
which we have met, notice at least of 
the existence of such a thing as a mi- 
croscope, with some scant glimpses of 
the wonders that it has to show; awa- 
kening here and there an interest that 
has ended in something more than 
mere curiosity-seeking and amuse- 
ment ; drawing together and uniting 
those of a common interest ; to 
which last effect may, I think, be 
at least indirectly traced a result 
whose future offers great promise of 
good, the organization of the young 
and vigorous American Society of 
Microscopists ; an organization in 
whose power it is to do a great 
amount of excellent work that could 
be done by no other means as well. 

The influence exerted in one way 
or another by our half score of ses- 
sions would, I think, if it could all 
be measured, far exceed in value the 
papers that have been read at them, 
though these have been neither few 
nor unimportant. 

Such has been our prentice-work; 
we stand henceforth among our 
equals as a Section. It would be plea- 
sant here to pass from recollection to 
prediction, and to spend the remain- 
der of the half-hour in the discussion 
of great possibilities ; we shall do 
otherwise, however, if we take heed 
to the pithy suggestion contained in 
an ancient but excellent volume of 
practical philosophy (with which I 
trust that most of you are familiar) 
concerning boasting and the putting 
on of armor. 

And this the more wisely because 
another topic of a far different nature 
presents itself, and, I may almost say, 
demands attention. Before telling 
what we intend to do, we are in a cer- 
tain way called upon to defend our 
irighttobe. It is commonly known, 
I Jthink, that not only in the Standing 
Committee of last year, but also 
throughout the membership of the 
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Association^ there have been felt and 
expressed • grave doubts not only of 
the necessity but also of the proprie- 
ty of raising the Permanent Subsec* 
tion of Microscopy to any higher dig- 
nity : while the extension and associa- 
ted limitatien of its province which 
the new name of the Section connotes, 
though they have so far satisfied 
these objections as to lead to its esta- 
blishment, have called forth from 
others even stronger criticism, as rai- 
sing to the rank of a distinct depart* 
ment of science that which they had 
hitherto regarded as holding a far sub- 
ordinate position. Respect for the 
candor and the ability of our critics, 
as well as for their zeal for the wise 
ordering of the affairs of the Associa- 
tion, would of itself demand that these 
objections be met and answered. I 
shall deal with them to the best of 
my ability ; should my arguments fail 
to carry conviction, I trust that the 
weakness will be attributed to the ad- 
vocate rather than to the cause. 

To the question first referred to it 
^as been considered a sufficient an- 
swer to urge the fact, which will, I 
fhink, be universally conceded, that 
there is no other instrument of re- 
search known to scientific men that 
has attained so high a degree of de- 
velopment as the microscope ; no 
other whose parts both mechanical 
and optical have been the subject of 
so much prolonged, earnest, and fruit- 
ful discussion ; none which has so 
inany and so varied accessory appli- 
ances pertaining to it, in relation 
^ith its almost endless diversity of 
uses. Furthermore, this high degree 
0^ development calls for a proportion- 
al degree of training in the worker. 

There is a great amount of study 
of the instrument itself demanded of 
him, side by side with an equally great 
amount of labor that may be regarded 
as gymnastic in its nature (in which 
"^^ see the final cause, of diatoms for 
all but cryptogamic botanists, and of 
^uled plates for all mankind) ; while 
the. various processes by means of 
which objects of study themselves 
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are brought into a suitable condition 
for examinatton and preservation call 
for no little skill and practice. It is 
urged, therefore, in view of the pecu^ 
liar character and wide applicability 
of the instrument in question, and 
of the extent and arduousness of the 
discipline that its skilful use requires, 
that they who have in greater or less 
measure acquired this discipline are 
by virtue of that fact drawn together, 
forming a body of sufficient coheren- 
cy to be entitled to independent stan- 
ding as a Section of this Association. 

I have endeavored to state the ar- 
gument in favor of a Section of Mi- 
croscopy briely but fairly. Love of 
justice makes me anxious not to un- 
derstate it, for, as many of you are 
well aware, I am one of those who 
have questioned strongly the proprie- 
ty and wisdom of organizing such a 
Section ; and I must confess that 
after an honest endeavor to put the 
case as strongly as possible in my own 
mind for those who think otherwise, 
and to convince myself of the truth, 
whatever it may be, I am still of the 
same opinion. 

For I do not see what more we can 
say of Microscopy than that it is a 
technique ; so elaborate, so complex, 
that its acquirement in any conside- 
rable measure is in itself a valuable 
discipline, but a technique still. No 
one feels more' strongly than I its 
fascination ; no one is more alive to 
the feeling of sympathy that unites the 
brotherhood of the tube. I have as 
lively and practical faith in the value 
of societies of microscopists and in 
journals of microscopy, as I have in 
other technical societies and periodi- 
cals. I believe, as I have already 
said, that they can, under certain cir- 
cumstances, do a work for science 
that can be done in no other way as 
well ; but I cannot see the propriety, 
in an Association whose aim is first, 
last, and always the advancement of 
science, of establishing a Section on 
a purely technical basis. 

I know that this will be regarded by 
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some as a false analogy ; and that ap- 
peal will be made to the prevalent 
idea — far too prevalent in my judg- 
menty since it is largely responsible 
for that diffusion of energy whose 
practical exponent is the fact that the 
number of microscopes sold yearly in 
this country is in proportion to the 
number of valuable original contri- 
butions on microscopic subjects annu- 
ally produced as over fifty to one 
•—that the skilful microscopist is he 
who, having a good stand and a 
number of good objectives which 
he can handle dexterously, has 
also a large cabinet of objects, 
mostly of his own preparation, illus- 
trating as many of the various ap- 
plications of his instrument as poss- 
ible ; one who, not specially a botan- 
isit, is at home with diatoms and 
algse ; not calling himself a zoologist, 
has a certain familiarity with Infuso- 
ria, Entomostraca and Rotifera ; not 
claiming to be an histologist, has cut 
and stained numerous sections of 
both plants and . animals ; neither a 
geologist nor a mineralogist, has 
ground, polished, and mounted many 
sections of rocks and corals ; not a 
chemist, — but why extend the catego- 
ry ? one, in fine, who, in accordance 
with a tradition whose history would 
be full of interest had we but time to 
trace it, has acquired skill enough 
and expended brains and labor 
enough in a dozen fields to have made 
himself a master workman in any one 
of them. I confess that I cannot but 
regard this idea as an idol of the tribe ; 
to my mind the skilful microscopist 
is he whose hand has learned all nec- 
essary manipulations, whose eye has 
been trained to nice and quick distinc- 
tions, and whose judgment, resting 
on accumulated experiences can in- 
terpret rightly the appearances pre- 
sented to his eye : and he is most suc- 
cessful who, having chosen a definite 
field of labor, has worked most dili- 
gently there into increase his own or 
the world's stock of knowledge. 

I would not be unmindful of the fact 
thai there are those who, working with 



the microscope, have entered many 
fields, and gleaned, nay, reaped richly 
in them all ; but they are few : neither 
would I pass unkindly criticism on 
those who, using the microscope 
avowedly only as a recreation find 
pleasure and substantial profit in 
passing from time to time to fresh 
fields and pastures new ; I take it how- 
ever, that the Sections of this Associ- 
ation are organized primarily,if not 
solely, with the view of bringing to- 
gether most closely those whose la- 
bors have most in common ; and 
however it may be with objectives, we 
may be sure that for Sections of this 
Association not only penetration but 
definition also is in inverse ratio to 
angular aperture. 

It was therefore the judgment of 
the Standing Committee (and this 
judgment was ratified by the vote of 
the Association at large) that this Sec- 
tion should be established not purely 
nor indeed chiefly for that technique 
which the word microscopy implies ; 
neither should that name stand as 
the label for a receptacle for commu- 
nications having only this in common 
that the objects of investigation are 
too minute or of too fine a structure 
to be examined by the naked eye. 

They have, instead, established a 
Section devoted to that department 
of science whose investigations must 
be wholly carried on by the aid of 
the microscope, and to the technique 
of the instrument as auxiliary to it. 

As in the Section of Chemistry 
papers discussing appliances and me- 
thods wereby a more accurate analy- 
sis, or a more complex synthesis, may 
be obtained find place and welcome^ 
or in the Section of Physics discus- 
sions of means as well as of results of 
investigation are gladly received, so 
here the presentation and description 
of new apparatus, the discussion o( 
new methods of preparation, of mani- 
pulation, or of demonstration find ap- 
propriate and ready audience ; but I 
present as my opinion, which I hope 
will find echo in your judpncnt, that 
papers on subjects pertainmg to Mi- 
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cro-chcmistry (if there be such a 
thing as Micro-chemistry) will best 
be read to chemists : that papers in 
what are termed Micro-geology and 
Micro-petrography will find readiest 
and most appreciative listeners in the 
Section of Geology. I would even 
suggest that a paper on the Entomo- 
straca or the Rotifera, particularly if 
it deals with the morphology or the 
systematic position of the form or 
group in question, will find its normal 
auditors among the zo51ogists in the 
Section of Biology. 
What then remains to us ? I have 
spoken of that department of science 
n^hose investigations must in the na- 
ture of things be carried on wholly by 
the microscope, as being designated 
by the orgatnic name of the Section 
as its particular field of labor. I say, 
that department of science ; knowing 
that the expression must call forth 
that adverse criticism to which I have 
alluded and to which I must now ad- 
dress myself. It has been urged that 
Histology is in substance but a finer 
Anatomy ; a dissection made with the 
eve where the scalpel cannot go ; at 
^est no better than the handmaid of 
Physiology : and that to dignify it 
^th the rank of a distinct depart- 
ment of science is to give to the ser- 
vant the honors due to the mistress. 

This, I acknowledge, is the traditio- 
nal view : and this unfortunately, 
describes only too well the histology 
that is too often studied and to often 
taught to-day ; but I am persuaded 
that the beginnings have already been 
niade of a newer and a greater histo- 
logy than this ; the leaven that has 
leavened the whole lump of biology in 
the last quarter century is working 
here as elsewhere ; and the resulting 
recombination of ideas has given us a 
conception of the significance of the 
phenomena of cell-life of which a pre- 
vious generation hardly dreamed. 

As a rich amd fertile soil whose 
yearly harvests pay abundant rental 
^or its tillage may long overlay unsus- 
pected mineral wealth of far greater 
value, so it often happens that a dis- 



covery that proves itself at once of 
great practical importance, may re- 
main for a long time with its philoso- 
phical significance unrecognized. 

The results of that inquiry into the 
structure of the organs of living be- . 
ings which the immortal discoveries 
and inventions of Lister and his con- 
temporaries first made possible, were 
found to have so much practical va- 
lue to the physiologist that they were 
at once appropriated to his use. 

This analysis did not at first go 
beyond an idea of fibres, cells and 
membranes ; it did not seek and only 
vaguely dreamed of any kinship be- 
tween them ; later, when, their essen- 
tial affinity was at first surmised and 
then demonstrated, the fact was, save 
by a few, regarded as of secondary im- 
portance to what had now come to be 
commonly known as Physiological 
Anatomy. 

To-day, however, the situation is- : 
changing rapidly. The conception -' 
long since advanced by one of the' : 
greatest of living thinkers that the » 
continous processes of adjustment of 
relation which make up all we know 
of life are the resultant or algebraic 
sum of the activities of the structural . 
elements which make up the living 
being, and that organs and organisms 
alike must be regarded as the cpiise-- 
quence of the integration of countless . 
cells or nucleated corpuscles, is year- 
ly gaining wider acceptance. Soine 
one has said that the doctrine of the 
survival of the fittest is the equator 
of the sphere of biology : may I ex- 
press the opinion that the conception 
to which 1 have referred will one day 
be for physiologists at least its prime 
meridian ? However this may be, this 
conception, it will be readly admitted, 
has greatly enhanced the significance 
and the dignity of the study of cell- 
life. 

There is another and even more 
important relation of Histology to, Bi- 
ology that is very apt to be overlooked 
by those that regard it as adequately 
described by the name of Physiologi- 
cal Anatomy. I refer to its relation 
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to Morphology, and its bearing on 

Suestions of affinity and classification. 
• « * * « 

The claim of histology to rank as 
a distinct department of science might 
well be allowed to rest upon the 
amount and the nature of its increased 
importance, both physiological and 
morphological, that I have indicated ; 
there is another consideration in its 
favor, however, that I regard as far 
weightier. I have hitherto spoken of 
tissues and their activities as related 
to the functions and the structure of 
organs and organisms. I would now 
call your attention to the value of the 
study of cell-life considered in itself. 

We have most of us had our eyes 
opened for some time to the magni- 
tude and the significance of the 
struggle for existence that goes on at 
all times between organisms ; it is 
only recently, however, that our atten- 
tion has been definitely called to the 
struggle of parts within the organism, 
and to the probable truth that every 
organ is where it is and what is 
through a long series of adaptations 
to its environment. And this analy- 
sis must be carried still farther : for 
as the body is built up of its organs, 
so, as I have already said, is each or- 
gan the result of the integration of its 
cellular elements. The great law of 
biology that gives order and system 
elsewhere leaves no chaos here ; and 
our histology is not complete until 
every tissue and every cell has been 
studied in its light. 

Here, then, is our province. Is it 
not ample enough ? It embraces the 
study of cell-life, in all its bearings, 
in plant and animal alike. Since 
sound fundamental ideas of the laws 
which govern cell-life can only be ob- 
tained by prolonged and careful study 
of those plants and animals which 
consist but of single cells, or of undif- 
ferentiated social aggregates of cells, 
I claim for hearing here all papers re- 
lating to the Protozoa and the Proto- 
phyta, including particulary the fer- 
ment-organisms on account of their 
frequent pathogenetic function. Be- 



fore us come, of course, all papers 
dealing with cell-life in the higher 
organisms ; papers alike upon the 
morphology of cells and on higher 
morphological questions treated by 
histological methods ; papers alike on 
the development of cells and on the 
structure and significance of embryo- 
nic layers and tissues. The newer 
histology is still the helpmeet if not 
the servant of physiology ; while large 
place will be given here to questions 
of cellular teratology — for what is pa- 
thological histology other than this ? 
Lastly, but not leastly, we shall wel- 
come here all papers and discussions 
calculated to help us either to better 
microscopes, or to a wiser use of those 
that we now have. 
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Composition and microscopical 
Strnctnre of Coal. 

BY PROFESSOR P. F. REINSCH * 

Among the various branches of 
Natural Science the history of the 
formation of the surface of our planet 
claims a large amount of general in- 
terest. It is of interest to know the 
life and the phases of life of any great 
individual; and much more the his- 
tory of the body of our planet. It 
cannot be denied that, to a certain 
degree, tendencies to evolution do 
exist in the various phases of trans- 
mutation which the matter of the 
earth has undergone ; that relations 
between the phases following one 
another do exist, just as in organized 
bodies — in one word, in the phases 
of transmutation of our planet we see 
development. ♦ ♦ ♦ 

The space intervening between the 
formation of primitive gneiss and the 
present time may properly be styled 
the phase of organic life in the life- 
history of the earth. Organic life be- 
comes an important factor in the 
transmutations and formations on the 

♦Read before the Victoria (Philosophical) 
Institute, London, Eng. The name "car- 
bon coal " in this article refers to cpal of the 
carboniferous period. 
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terrestrial surface. Layers of lime- 
stone and coal, sometimes of immense 
extension both in the vertical and in 
the horizontal direction, are produced 
for the most part by the aid of or- 
ganisms of both animal and vegetable 
nature, commonly of microscopic 
size. The history of the formation of 
these minerals, produced exclusively 
by the aid of vegetable life, as well as 
the question about the true nature 
of them, bas not yet come to any de- 
finite conclusion. The formation of 
these minerals fills up an important 
chapter of the life-history of the 
earth. A large amount of carbonic 
acid, in devonian and silurian times, 
diffused in the atmosphere, was with- 
drawn from it under the influence 
ai)d by the aid of a most energetic 
development of vegetable life; and 
thus produced the conditions of exis- 
tence for higher animal life. I may 
be permitted briefly to allude to the 
various views and experiences about 
this mineral, so important for modem 
life, and so remarkable both from its 
Biicroscopical structure and its che- 
mical composition. The writers on 
natural history of ancient times do 
not make any mention of it. The 
first writer who makes mention of 
coal, under the name of combustible 
fossils, is Agricola, the founder of 
niineralogy. ***** 

The first observation of the ve- 
getable structure to be seen in coal 
was published in that year. The 
first observer, Hutton, says that 
in each of the three common sorts 
of coal in England, anthracite, 
slaty, and cannel coal, more or less 
vegetable structure can be seen. 
This observation has been confirmed 
hy Goppert, and he mentions a new 
method of examination, by burning 
off the coal and determining the 
structure of the skeleton of ash which 
is left. 

From the first observations of Hut- 
ton and Goppert until the present 
time the general knowledge of the 
microscopical structure of coal has 
been increasing. Through observa- 



tions of Bailey, Dawson, Quekett, 
Newton, new bodies, unknown before 
as constituents of coal, have been 
added to the bodies of reticular struc- 
ture previously known. The know- 
ledge of the flora of the higher plants 
of the carbon period has been ad- 
vanced through the excellent works 
of Goppert, Andrae, Weiss, and 
Williamson, but the knowledge of the 
microscopical structure, and of the 
various constituents, of coal did not 
make equal progress. The principal 
reason of the difficulty of penetrating 
into the darkness of the coal sub- 
stance, and getting clear observation 
of the microscopical structure and 
composition was this, that it is next 
to impossible to obtain, as can be 
done in the case of most other mine- 
ral substances, microscopical sections 
of such a degree of transparency that 
all bodies composing the substance 
become discernible. Coal seems to 
have opposed obstinate resistance to 
all efforts; it has resisted the most 
powerful solvent of the structure of 
vegetable tissues, a mixture of chlo- 
rate of potash and nitric acid. There 
has been no doubt that the bodies 
seen at first by Hutton arise from 
plants; but the question was, if there 
were in those bodies in the coal any 
things analagous to our recent veg- 
etable tissues, and, in case these bo- 
dies were remains of plants, if there 
were any identity with the cellular 
tissue of those plants, from which the 
coal could have originated. Obser- 
vations on peculiar bodies of constant 
form and more transparent nature, 
claimed as belonging to the class of 
spores, have been the last important 
contributions to the knowledge of the 
microscopical constitution of coal. 
Dawson makes mention of numerous 
spores inclosed in the torbanite of 
Scotland and in the tasmanite of 
Australia, "little disks of dirtyish 
yellow color," and found in many 
coals and slates, but not in so great 
numbers. Observations have been 
made by Newton on bodies in the 
coal of peculiar form, and very pro- 
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bably composed of the same sub- 
stance as the bodies held to be spores 
in the torbanite. There is no doubt 
that in these observations first notice 
is given of some forms of these essen- 
tial constituents of coal which I des- 
cribed in detail in the first division 
in my book on the microscopical 
structure of coal « * * * 

If we make a careful examination 
under a low magnifying power of the 
vertical fracture of a piece of com- 
mon and normally developed carbon 
coal, the first thing we observe is a 
remarkable homogeneousness and re- 
gularity in the structure of the sub- 
stance in one and the same direction, 
viz., the direction of the bed. Among 
I GO pieces from various localities 
there would not be found four or five 
cases of differing structure. We ob- 
tain the same result if we examine 
any coal bed in the mines at a little 
distance. We observe in the vertical 
fracture symmetrical stripes, running 
in the same direction, and belonging 
in most cases to one and the same 
substance. The thickness of these 
stripes is found to be nearly uniform 
in a piete of larger size, but very often 
the substance is found gradually to 
decrease in quantity in the bed. At 
the distance of some metres the sub- 
stance dwindles and ultimately disap- 
pears. ****** 

If we examine with higher power 
(200 to 300) these constituents of 
coal, in any good and transparent 
microscopic section of coal, we see 
clearly a great uniformity and con- 
stancy in the microscopical structure 
of the various substances discernible 
even with the naked eye. 

A. — The dark substance with con- 
choidal fracture, and nonfilamentous 
structure, making the principal con- 
stituent of coal (over 30 per cent), 
is composed of a net-work of very nu- 
merous extremely delicate ramifica- 
tions, the larger branches of which 
are connected with larger and thicker 
stems of more compact and semipel- 
lucid substance running along the 
direction of the bed. In a section of 



at least ^^ mm. thickness, the single 
meshes and branchlets appear dis- 
tinctly limited and composed of 
nearly homogeneous substance. The 
tint is a deep reddish-purple. The 
spaces between the meshes are co- 
lorless and filled with mineral sub- 
stance more or less soluble in hydro- 
chloric acid, and of low polari- 
zing power. Some variety is obser- 
vable in the structure of the larger 
stems: they are composed either of 
distinctly separated, irregular incras- 
sated filaments, or of longitudinal bo- 
dies with perforated and reticular 
structure. 

The nodules inclosed in this con- 
stituent of coal appear, when viewed 
in a thin and polished section, to be 
composed of semi-transparent, yel- 
lowish, polarizing substance, either re- 
gularly arranged round a centre or 
forming bodies of dendritic and leaf- 
like shape with radial structure. 
Bodies of regular and globular shape 
show the dark variable or revolving 
cross of polarisation very regularly. 
This substance, containing from 10 
to 30 per cent of combustible matter, 
is found constantly in some marked 
varieties distinguished in color, re- 
gular shape, size, and structure. 

B. — The dark substance with fila- 
mentous structure appears in any mi- 
croscopical section to be composed 
of filaments, running exactly m the 
direction of the coal bed. The fila- 
ments connected with hair-like rami- 
fications, and arise from larger stems 
composed of the same substance. 
The finest ramifications, attached 
closely together in the typical sub- 
stances, are found separated through 
small spaces with interposed lamellae 
of transparent mineral substance. In 
a great many coal beds are found, 
interspersed between the filaments, 
numerous corpuscles of substances 
belonging to other constituents of 
coal either isolated or connected. 
From the nature of the substance 
these corpuscles cannot be constitu- 
ents of the filamentous substance, 
both because of their irregular occur- 
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rence and their diversity in form. 

C. — The to-called toot thows both 
in vertical and horizontal tection no 
essential difference. The substance 
is found in any good tection, forming 
reticular and angular tissues always 
composed of the same untransparent 
substance, but extremely variable in 
size and shape of the meshes. In a 
single microscopical section we can 
meet in many places with four or five 
tissues, different in size and shape of 
the meshes, and filling up a space of 
at most ^ mm. in diameter, so clo- 
sely attached that we find no traces 
of any difference between two neigh- 
bouring particles. From the mode 
of succession and of the connection 
of the different tissues the experien- 
ced observer of living vegetable tis- 
sues is compelled to admit that all 
those different tissues must have been 
in a state of genetical and morpholo- 
gical connection, and to deny any 
fragmentary composition of the sub- 
stance. The true nature of the sub- 
stance is clearly seen in the case of 
immediate contact with various adja- 
cent substances. 

The grammitoid substance* is 
found pentrating in a filamentous 
form. The filaments are spread out 
within the zone of contact, and all 
through the substance, without be- 
coming mixed up with it, and the 
substance is easy to distinguish, from 
its angular structure and from the 
fact that it is still untransparent even 
in sections. of Y^TP-ffg- mm. thickness. 
Very often the reticular and angular 
tissue in part is found transmuted 
into a compact and structureless mass 
of sulphuret of iron. The nature of 
the substance is as dark as the sub- 
stance itself. 

Neither in the anatomical structure 
of those vascular plants the woody 
fibre of which might have furnished 
the material (calamites and other 
vascular cryptogams growing on the 
borders and the surface of the car- 

* I described (he Tarious varieties of this 
substance in my book on coal ander the col- 
lective name " G^lnmitoid substances." 



bon continent) nor in plants of our 
recent flora, do we meet with analo- 
gies in structure and general morpho- 
logical nature. In most cases, and 
in good microscopical sections, after 
having carefully compared a great 
many specimens in respect to the 
morphological relations and the 
relations of other substaiices which 
are without doubt organic, we arrive 
at the conclusion that the grammitoid 
substance must be a peculiar one pro- 
duced by some process independent 
of active mechanical forces and me- 
chanical accumulation, and that the 
present morphological condition in 
which we meet with the substance in 
the coal bed must be, in most cases, 
the same which prevailed during the 
time of the organic life of the sub- 
stance. *♦«**♦♦** 
Small beds of grammitoid substance 
from I to 3 centimetres in height are 
met with in each larger coal bed. * 
* * * D.— The reddish brown, 
hard, slaty matter, which is an essen- 
tial constituent of coal, in vertical 
and horizontal sections proves to be 
composed mostly of a great many 
substances, very different in color, 
size, shape, and histological charac- 
ter. There are observed over twenty 
different bodies, each one of these 
bodies bearing the character of a typi- 
cal being, with constant marks of 
structure and size. All these bodies 
are distinguished from the other con- 
stituents of coal by an intensely 
bright color ranging from brilliant 
gold-yellow to dark purple. The his- 
tological structure is, as far as can 
be seen, invariable for the single 
types, and any specimen found in the 
layers of other substances can easily 
be indentified. Most of these bodies 
are widely dispersed throughout the 
carbon coal, though their absolute 
amount is less {$ to 7 per cent). In 
any microscopical section of carbon 
coal we can meet with isolated speci- 
mens. Some of these bodies are 
found through all coal beds of the 
productive carbon, sometimes in- 
closed in the interspersed layers of 
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clastic materials (clayish slates and 
sandstones). * There are found three 
constant types of these bodies: — 

a. Flat or subcylindrical bodies 

of filamentous and ramified 
structure. 

b. Flat or subcylindrical bodies, 

forming simply filaments. 

c. Flat, rounded, and various 

shaped bodies of granulated 
structure. 

Between these three types are 
found form;5 containing filaments, 
connected with granulated bodies, 
others with bodies of fibrous and 
granulated structure. The latter bo- 
dies are commonly found with regu- 
lar limited circumference and equal 
extension in the three dimensions, 
other bodies with irregular limited 
circumference and prepondarant lon- 
gitudinal extension. The bodies of 
some of these types exhibit, from 
their constancy, the qualities of orga- 
nic individuals. 

Dispersed through all coal beds of 
the carbon, in free and isolated state, 
specimens are found of these curious 
bodies, the size of which does not 
vary much for the single forms. The 
largest form is found from 2 to 3 
millimetres in length, the minutest 
0.20 millimetre diameter. All these 
bodies belonging to this group of con- 
stituents of coal exhibit considerable 
regularity in their histological ele- 
ments. These elements, granules 
and fibres, generally of the same size 
and shape, appear constantly com- 
posed of the same non-polarizing sub- 
stance. Globular bodies of more 
homogeneous nature, and generally 
of the same diameter, are constantly 
found as accessory constituents to 
the body of th6 substance. 

These bodies are not unfrequently 
found separated from the body from 
which they arose; doubtless they must 
have been in some genetical con- 
nection, as the same bodies are ob- 
served still connected with it, and 
some of the globules evidently liot in 
a developed state. 

A great many of these bodies ex- 



hibit remarkable transmutations,- ef- 
fected in the structure, as results of 
immediate contact with the yellowish 
semi-transparent substance of the 
nodules, enclosed in the principal 
constituent of the coal. The regular 
radial position of the molecules of 
the spheres of this substance becomes 
altered: some particles of the body, 
being in contact with, and partly his- 
tological elements of, the latter be- 
come separated from the whole body; 
and particles mixed up with and en- 
veloped in the polarizing yellowish 
substance are found inside the trans- 
muted spheres. Bodies of filamen- 
tous and fibrous structure in contact 
with the spheres are turned off from 
their regular position; the zone of 
contact of the substance is dispersed 
into filaments and fibres, still distin- 
guishable from the polarizing sub- 
stance; bodies of granular structure 
are resolved into cellular granules of 
the same size and shape, the latter 
sometimes separated from the whole 
body, and enveloped in the polarizing^ 
substance. 

Within the layers of the various 
substances of the carbon coal bed 
are found layers of clastic mineral 
substance from microscopic size up to 
several centimetres in height. These 
clastic microbeds constantly contain 
fragments derived from the substan- 
ces of those microbeds being in injme- 
diate contact. In many cases com- 
plete and connected groups are still 
seen in immediate connection with 
the substance from which they arose, 
and enclosed within the clastic sub- 
stance. In many cases the histolo- 
gical structure and the general feature 
of the substance, in this isolated 
state, can be seen very much more 
clearly than is possible in an accu- 
mulated state in the pure microbed of 
the substance. 

Some of these microbeds of clastic 
substance contain very well-preserved 
fragments of cellular and vascular 
plants. Some varieties of spores of 
vascular cryptogams of uniform size 
and shape are found mixed up with 
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fragments of well-preserved cellular 
tissue, and with substances belonging 
to neighbouring layers of the coal 
bed. 

The general results of these new 
examinations of the microscopical 
structure of carbon coal are as fol- 
low: — 

1. The coal of carbon is composed 
of substances different in histological 
structure and chemical constitution. 

2. The single constituents of coal 
exhibit absolutely identical histologi- 
cal and morphological qualities. 

3. The constituents are found either 
in an unmixed state, forming small 
beds (microbeds), or mixed up to- 
gether. 

4. The histological elements, in the 
case of immediate contact, still re- 
main unaltered, and, in the zone of 
contact, still distinguishable. 

5. In these cases peculiar trans- 
mutations are observed in the struc- 
ture of two different substances, being 
in immediate contact (phenomena of 
contact), transmutations extending 
to histological structure and to mor- 
phological qualities. 

6. The position and direction of 
all corpuscles of longitudinal and flat 
extension inclosed in the coal bed, 
is invariably the same, viz., the prin- 
cipal direction of the coal bed. 

7. The histological structure of the 
constituents of coal exhibits a great 
variety, bnt is found to be of most 
constant character for one and the 
same form. 

8. The juxtaposition of the histo- 
logical elements is as follows: — 

a. Longitudinally ramified. 
d. Reticularly ramified. 

c. Symmetrically ramified. 

d. Undivided. 

e. Radial-spherical. 
/. Cylindrical. 

g. Spherical. 

Purely reticular disposition is 
found with one homogeneous and 
opaque substance (grammitoid). 

9. The size and color exhibit in 
all substances great uniformity. 

10. The variation in the structure 



and composition of the various coal 
beds is found to increase largely in 
microscopical detail. 

11. If we are unable to allow the 
character of organic beings (not in- 
dividuals) to a great many of these 
bodies, composed of organic sub- 
stance, the latter cannot be derived 
simply as fragmentary particles fro^m 
other vegetable beings, nor from the 
products of the process of decompo- 
sition of vegetable substances. 

12. No distinct rule is observed in 
the succession of the various substan- 
ces in the coal beds, but great varie- 
ties of the qualities of the microbeds^ 
and we cannot observe any propor- 
tional relation in the distribution of 
the various substances within the 
coal bed. 
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Subscriptions. — Remittances for subscrip- 
tions should be made by post-office or express money- 
orders, by drafts payable in New York, or in registered 
letters. Money sent in any other way will be at the 
sender's risk. A receipt will be immediately given for 
money received by open mail. 

The JouRNAi, is issued on the isth day of each 
month. Subscribers who do not receive their copies 
at the usual time are requested to inform the Pub- 
lisher of the fact. 

The Current Volume. — The 
subscription-list of the Journal has. 
increased so much during the present 
year that we feel justified in announc- 
ing an increase of price for complete 
sets of volume III. All future subscrip- 
tions at $1.00 for 1882 must begin with 
the April number, or later. The 
price of a complete set is now fixed 
at $2.00 net. We hoped to wait un- 
til the completion of the volume be- 
fore making this announcement, but 
our stock of back numbers is getting 
so small that we fear it will be entire- 
ly exhausted by the end of the year.. 



The Problem of Life. — No one- 
can foresee the ultimate result of the 
simplest observation in science. As 
the train of thought aroused by the fall 
of an apple led to the conception of 
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a universal force of gravity, so, from 
the slightest hint, the biologist may 
yet be able to formulate a theory of 
life. For this reason, the article on 
pa^e 191 on life and death in the 
animal world, although it is purely 
philosophical and speculative, at the 
present time possesses an interest 
for even the most realistic student. 
It may be said, and truly, that such 
articles only tend to reveal to us the 
limitations of our knowledge of this 
problem. At the most they are but 
ingenious hypotheses, or futile at- 
tempts, to explain what still remains 
as much a mystery as ever. Yet how 
often it has happened in the ex- 
perience of the past, that the most 
brilliant and far-reaching discoveries 
have suddely sprung forth out of an 
ignorance as dense as this! 

When we think of the advance in 
knowledge since the days of science 
in its infancy, or even since the be- 
^ining of the present century, is any 
one so bold as to attempt to define 
the bounds of finite knowledge? 
Dare we declare that even the 
mystery of life is beyond and above 
human comprehension ? 

If not, then there is a legitimate 
field for speculation opened by such 
•contributions as those of Btitschli 
and Cholodkowsky, which the student 
:should not despise. 

Already chemists have studied this 
:subject, and many of the complex 
•compounds produced in the animal 
body have been synthetically formed 
in the laboratory. Such investiga- 
tions indeed, do not throw li^ht 
upon the processes of cell-nutrition 
and metastasis, but, by revealing the 
molecular structure of the com- 
pounds, and indicating the dif- 
"ferent possible ways in which the par- 
iticular groupings of its constituent 
atoms can be brought about, they 
liave opened a path toward a more 
iintimate knowledge of the processes 
within the cells. 

After many yean, the old idea of 
a specific vital force antagonistic to 
the oxdiniiry chemistry has been 



eliminated from science. We no 
study the chemistry of living thin 
unhampered by fadse ideas of lifi 
We no longer believe in a speci 
chemistry of life, but rather 
regard life as sustained by, if not 
direct result of, chemic forces— 
which we mean the interaction 
ultimate atoms. 

Nevertheless, the artificial synthesii 
of organic compounds by no means 
justifies the assumption that the pro-l 
cesses of life can be produced, or even 
imitated, in the laboratory. They 
only lead, as we have said, to a know- 
ledge of the processes in the chemi- 
cal laboratories of animals and plants 
— which are the cells. But that we 
shall ever succeed in balancing the 
opposing atomic forces of the universe 
so that, by their continuous and mu- 
tual intraction, chemical changes will 
go on indefinately as in the living 
cell, is not to be even dreamed of. 



Artificial Cells. — In connection 
with the preceding article we should 
not omit a reference to experiments 
which have attracted notice from 
time to time, in regard to the artifi- 
cial production of cells, not, indeed 
of living cells, but of cells so nearly 
like those which live as to be indis- 
tinguishable from them in appearance 
and visible structure. They are pro- 
duced by the slow chemical action ot 
two salts which, when they react to- 
gether, form an insoluble compound. 
It is said that the artificial cells thus 
produced are enclosed by a true 
membrane, which allows of free pas- 
sage to liquids, and their inte- 
rior granulations are arranged in ^ 
regular order, as in living cells. So 
striking is the resemblance between 
them and living structures that it has 
even been suggested that they may 
have been produced accidentally m 
the history of the world, apd their 
forms been preserved in the rocb, 
and are now described as fossil re- 
mains of past life. 

What seems of most importance in 
regard to these inorganic forms is 
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that they indicate that the form and 
structure of organized cells may not 
entirely depend upon the life-force 
within them, but may be also influ- 
enced by the forces of molecular phy- 
sics with which we are familiar. In 
other wordsy it may be said that a 
typical cell is spherical because the 
natural tendency of matter is to 
^ggi'cg^te into spherical masses, and 
not because the forces of life tend 
to give it that shape — which we know 
from observation is not the case. 



Thk Vitality of Germs. — A note 
ont his subject by A. Certes, in the 
Bulletin de la Social/ Zodlogique re- 
counts an interesting experiment car- 
ried out by the author. In March, 1878, 
he received from Algeria some salt 
water containing algse, infusoria, and 
some larvae. This was allowed to 
evaporate in the sun and the sediment 
was carefully collected and kept three 
years — until April, 1881 The sedi- 
ment was then placed in boiled and 
filtered rain-water, and care was 
taken to exclude germs. Ciliated 
infusoria and flagellates soon ap- 
peared, and about the beginning of 
June there were found some larvae, 
at first microscopic. They multiplied 
and increased in size and soon trans- 
formed into an animalcule of about 
one centimetre in length, which was 
recognized as Artemia salina. 

The Sahel of Algeria is overlooked 
by a small mountain, the Boudzarea, 
on the summit of which remain the 
trenches of an old Turkish fort. 
In 1877 the drouth was excessive. 
After the first rains the author climbed 
the mountain and, in the same trench 
where he had found it eight months 
before, he found an abundance of 
Blepharisma lateritiay a ciliated in- 
fusorium. It had, either as an animal- 
cule or as germs or cysts, withstood a 
torrid heat for several months. 



The Infusoria. — The sixth and 
^ast part of the " Manual of the In- 
fusoria " by Mr. W. Saville Kent has 
been issued, and as the work is now 



complete we take pleasure in congra- 
tulating both author and publisher. 

The "Manual of the Infusoria*" 
will be an enduring monument to the 
ability and persistent labor of its 
illustrious author. In the few brief 
notices we have given from time to 
time, we have not presumed to review 
any portion of it, and now that it is 
complete we can only express our 
sincere appreciation of its value as a 
standard work on the infusoria, and 
also of the scientific methods of in- 
vestigation and research which 
throughout have characterized the 
observations of the author. 

It would be remarkable if no errors 
of interpretation have crept into such 
a large and comprehensive work. 
But such as there are can only be 
eliminated by the results of future 
study. Probably the author's views 
concerning the animal nature of the 
Myxomycetes will be regarded by 
most readers as erroneous, and the 
argument in the admirable chapter 
designed to prove the protozoic na- 
ture of sponges will not be univer- 
sally accepted by the followers of 
Hackel; although they seem convinc- 
ing enough. However, we have no 
words of presumptuous criticism to 
offer here. For more than twenty 
years Pritchard's great work on the 
Infusoria has been essential to the 
student of minute fortns of life. 
When Pritchard wrote, almost 
nothing was known of the life- 
histories of the organisms he de- 
scribed. Mr. Kent has availed him- 
self of the vast stores of knowledge 
which have accumulated during that 
long period, to which he has con- 
tributed a goodly share himself. His 
classification is, therefore, a great im- 
provement upon earlier ones, and 
perhaps it is as good as our present 
knowledge renders possible. 

o 

Trichina Spiralis. — P. M^gnin 
has contributed an article to the So- 
ci^t^ Zoologique de France on " Min- 
ute Agamous Encysted Helminthes 
which may be confounded with 
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Trichina Spiralis," which is printed 
in the Bulletin and illustrated with 
three plates. The worms figured are 
Trichina spiralis^ Spiroptera strumosay 
Rud., S, Abbreviata^ Rud., Disphara- 

gus ? Comb., Spiroptera clausa^ 

Rud., Spiroptera ? These are 

also described in the text. 



■o- 



Prof. Tuttle's Address. — In- 
stead of giving a short abstract of this 
address, as we at first intended, we 
found it necessary to print nearly the 
whole of it, in order to do full jus- 
tice to the views of its able author. 
Prof. Tuttle very modestly asks that 
any weakness in his arguments be at- 
tributed to himself, rather than to 
the cause. Taking one view of the 
subject, the view so well maintained 
by Prof. Tuttle, it must be admitted 
that the establishment of an inde- 
pendent section of microscopy seems 
to confer upon microscopy the digni- 
ty of a science which it scarcely de- 
serves. Yet there are other consid- 
erations which, it seems to us, fully 
justify the formation of the section. 
Certain subjects will always come be- 
fore the Association which could not 
be appropriately presented before 
any of the other sections. As an in- 
stance of this, the address of Dr. Car- 
penter, published last month. Many 
subjects pertaining to the microscope 
belong as well to the physical and 
biological sections ; but as both of 
those sections have as much as they 
can do already, it is well to afford an 
opportunity for the presentation of 
such subjects before a special section. 

On the whole, we think the estab- 
lishment of the section of " Histology 
and Microscopy " was a commenda- 
ble action on the part of the Standing 
Committee. 

NOTES. 



— According to Dr. T. J. Stuart the fol- 
lowing method of mounting gizzards of 
insects is a good one. Kill the insect, 
a cricket is mentioned particularly, with 



benzine, cut off the extreme tail and pull 
off the head which will bring out the in- 
testine with the pyloric teeth. Cut off the 
intestine and digest it half an hour in solu- 
tion of caustic potash. Wash it well by 
shaking it up with water to detach the 
muscular coat and the tracheae; then slit 
it up and mount in balsam by the carbolic 
acid process. The so-called gizzards of 
insects if well prepared make beautiful 
objects, and we are surprised that they 
are not more frequently seen in cabinets. 

— The third number of the Journal of 
the Postal Microscopical Society (Lon- 
don) contains much interesting reading. 
There is an article on the adulteration of 
coffee, an* exceptionally good article de- 
scribing the structure and habits of spiders, 
a second paper on preparing foraminifera, 
which treats of the methods of obtaining 
the fossil forms, and some very good 
notes by Mr, Tufiin West, besides other 
matter, This number has five excellent 
plates. 

— The seventh edition of Messrs. 
Bausch and Lomb's " Price-list of Micro- 
scopes, Objectives and Accessories" is a 
neat pamphlet of 48 pages well printed 
and fully illustrated with excellent wood- 
cuts. AH their microscopes except the 
new " Professional " stand are figured, 
and that is fully described. The micro- 
scopes made by this firm are well di- 
signed and carefully constructed, and are 
deservedly popular. 

—According to Herr Chr. Stunbuc/i 
the presence of any particular kind of 
grain in a mixture is not to be recognized 
by measurement of the starch-granules. 
It is generally necessary to examine the 
debris of tissues contained in the farina, 
such as the pericarp and the albumen, the 
gluten cells, etc. This examination is 
very difficult for the reason that the 
debris is lost in the great excess of 
starch and albumenous matters. Leviga- 
tion only imperfectly separates the latter, 
so the author proposes to dissolve them 
-chemically. For this purpose the farina 
is first treated, at 500—60°, with a soluj 
tion of limpid malt, then, washed several 
times with water and then digested for 
some time with a i per cent, solution 01 
caustic soda et 400 — 500. The debris of 
tissues accumulates in the insoluble por- 
tion, and may be easily recognized. 

—The Scovill Manufacturing Company 
have devised an admirable apparatus for 
photographing microscopic objects. 1^ ^ 
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a complete outfit, including a lantern for 
illuminating objects, with a ruby glass 
side which affords a light by which plates 
may be developed, a long-bellows camera 
with a conical tube to receive the micro- 
scope body, a dozen plates for negatives 
and a dozen for lantern transparencies. 
The price of the outfit is $18.00. 

—A great deal has been written of late 
in the English journals about softening 
coal by soaking it in potash previous to 
cutting sections with a Icnife, because the 
' Micrographic Dictionary " said it could 
be done. It is not improbable that some 
very soft coals can be readily cut after 
soaking in potash, but it is astonishing 
how many persons have tried to soften 
lumps of pure carbon — solid anthracite, in 
I fact— by soaking it in potash ! 

—Now that the method of mounting 
insect preparations without pressure is be- 
coming popular — we hope it will result in 
throwing tne flattened and distorted ob- 
jects now so common in the stores entirely 
out of the market — a few words about 
the illumination of such objects may be 
of value. 

Although the objects are mounted as 
transparent objects, there will always be 
some parts which are more or less opaque, 
specially in the larger specimens. We 
kve found much benefit from the use of 
3 condensing lens above, as for an opaque 
object, at the same time throwing the 
%ht in from below. We have a specimen 
of Cimex, mounted in balsam by the car- 
bolic acid process, which affords a good 
illustration of the utility of this double 
illumination, and we call attention to it 
with confidence that others will find it as 
useful as ourselves. 



MICROSCOPICAL SOCIETIES 

At a meeting of the New York Soci- 
ety, held October 6th, which was the first 
Electing after the summer vacation, there 
Was a very large attendance and a large 
number of fine objects were exhibited. 
The special subject of discussion was 
summer experiences in collecting, and 
several communications of interest were 
niade. President Braman, Mr. A. D. 
?alen, Mr. Hyatt and others taking part 
^ the discussion. 

Mr. Hitchcock read a letter from Dr. 
^- B. Carpenter, who was expected to be 
present at this meeting, explaining the 
cause of his absence. The Board of Ma- 



nagers afterward resolved to invite Dr. 
Carpenter to address the Society at a spe- 
cial meeting on the subject of tne Eoxoon 
Canadense, 

A special meeting was accordingly held 
on Tuesday evening, October loth, when 
Dr. Carpenter gave a summary of his in- 
vestigations on the structure of the 
Eozoon, and exhibited specimens under 
microscopes, and some photographs of 
the structure, which were very instructive. 
We will not attempt to give a full report 
of this admirable presentation of a sub- 
ject very difficult to explain without the 
illustrative specimens. It may be said, 
however, that Dr. Carpenter nas lately 
discarded the idea that the so-called 
nummuline, or minutely tubular, layer is 
part of the original structure of the shell, 
although by others it is still held to be the 
means of communication between the 
cavities and the system of ramifying can- 
als in the intermediate limestone. He is 
more than ever convinced that the canal 
I system is not to be accounted for by any 
I process of mineralization. 

After adjournment the Society again 
assembled atDelmonico's, on Fifth Avenue 
where a dinner was given in honor of Dr. 
Carpenter's visit, which was enjoyable in 
every respect. 

After dinner President Braman arose 
and with a few introductory remarks be- 
gan the speech-making and proposed a 
toast to the g^est of the evening in the 
following well-chosen words : — 

" To the clearest thought and truest 
feeling, the minute is as grand and in- 
structive as is the vast; for force and law 
are as imperially active there as in the 
system of planets and suns. 

" The minute is, as it were, the heart of 
nature. A benediction, therefore, on that 
instrument which, by disclosing the mi- 
nute, brings us near to nature's heart ! 
and long life to him who has shown to the 
world the preeminent value of the micro- 
scope in scientific investigation, and has 
lucidly described so many of its marvel- 
lous revelations ! The microscope and 
its revelations : — Dr. William B. Car- 
penter." 

Dr. Carpenter's response is printed on 
page 203. Following this Mr. A. A. Julien 
responded to "The Royal Microscopical 
Society of London. The society which 
leads the world in the branch of study 
which it represents." Mr. J. D. Hyatt 
proposed a toast to Prof. E. Abbe, to 
which Mr. Hitchcock was called upon to 
espond. Prof. Samuel Lockwood was 
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invited to speak, and he gave some interest- 
ing reminiscences of his experience in this 
city vears ago, when he was instructed to 
conduct certain investigations for the 
Academy of Sciences, for which he was 
unable to obtain a suitable microscope. 
Mr. William Wales responded to " The 
New York Microscopical Society," and 
made a stirring speech. Prof. £. H. 
Day was called upon, and he made some 
excellent remarks on the subject of edu- 
cation. Mr. C. F. Cox spoke in a very 
pleasing manner on the proper aims and 
possibilities of microscopical and other 
scientific societies. 

We take pleasure in saying that the 
entire evening was most pleasantly and 
profitably spent. 



NOTICES OP BOOKS. 

Guides for Science-teaching, No. VII. 
Worms and Crustaceae. By Alpheus 
Hyatt. Boston : Ginn, Heath & Co., 
1882. (Pamphlet, pp. 08, with plateis. 
Price, 85c.) 

This is one of the " Guides for Science- 
teaching " published for the Boston Soci- 
ety of Natural History, " designed to sup- 
plement lectures given to the teachers of 
the public schools of Boston." The author 
of this book has succeeded in giving the 
information that teachers will find most 
valuable in their work. It is well illustra- 
ted, and the descriptions are very easily 
understood. 

The earth-worm is first described, and 
a short account of its habits is given. The 
lobster is taken as a representative of the 
Crustacea, and considerable space is given 
to a description of its parts. The general 
reader who takes up this book will surely 
be surprised at the interest attached to 
the careful examination of a lobster. 
Other Crustacea are also described, all of 
them readily obtained. The teacher 
who, with the aid of such a book, fails to 
interest the scholars in natural history is 
certainly not worthy of the calling. 

A Bibliography of the Microscope and 
Micrographic Studies, being a cata- 
logue of books and papers in the lib- 
rary of Julien Deby, fellow of the Royal 
Microscopical Society; member of the 
Quekett Microscopical Club; late Vice- 
President of the Soci^t^ Beige de Mi- 
croscopic, etc. Part III. The Diato- 
maceae compiled with the Co-operation 
of Frederic Kitton, Hon. F. R. M. S. 



London : Printed for Julien Deby, by 
David Bogue, 3 St. Martin's Place, W. 
C. 1882. (Small 4<^ pp. 68.) 

This is an elegant and very useful pub- 
lication, printed Dy the author for private 
distribution. It embraces besides a list of 
books and pamphlets relating to the dia- 
toms, as well as of collections, a chrono- 
logical index which cannot fail to be of 
great value to the student. The list of 
books includes not only those in the 
author's library, but also many others dis- 
tinguished by an asterisk as desiderata ; 
which make the bibliography much more 
complete. 

^ Tne first and second parts of this work, 
"which will contain similar lists of the 
works relating to the microscope proper, 
the Protozoa, the Desmidiae, and to some 
other branches of natural science" are 
nearly completed. 

The value of this work will be fully 
appreciated without further remark from 
us, but in closing this brief notice we 
must express high commendation of the 
excellent mechanical execution of the 
work, as well as of the accuracy of the 
text. 

The New Botany, a Lecture on the best 
Method of Teaching the Science. By 
W. J. Beal M. Sc, Ph, D., Professor of 
Botany in the Agricultural CoUeg-e, 
Lansing, Michigan. [From the Trans- 
actions of the Twenty-ninth Annual 
Meeting of the Michigan State Tea- 
chers Association.] Second Edition, 
Revised. Philadelphia : C. H. Marot. 
814 Chestnut Street, 1882 (Pamphlet, 
pp. 16. Price 35 cents.) 



Exchanges. 

[Exchanges arc inserted in this column without 
charge. They will be strictly limited to mounted 
objects, and material for mounting.] 

Wantkd— To exchange, ^od slides correctly 
named, or material for mounting for same.— t- ^• 
Smith, Bridgeport, Conn. 



Wanted — Diatomaceous material from New Hamp- 
shire containing A mpAt/leura Lindheimeru\^^^- 
change for materials from North of Ireland.— wu'»'° 
A. Firth, Whiterock, Belfast, Ireland. 



Striatella unipuncta.Rhabdonema Adrtattcttm, 
and other first-class crude material^ to "cn^^.-j 
named diatoms and first-class ma^cna^^Pf^^n *,h 
particularly forei^ material preferred.— M. A. uoo ♦ 
Longmeadfow, Mass. 



Wanted— Animal parasites. Ixodes, Ac*** •**;,' 
.Vither mounted or unmounted. — ^W. A. njwvi 
PalmcrstoB Place, Edinburg, Scotland. 
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Coral in an Aqnarinm.* 

BY W. E. DAMON. 

I have had several varieties of liv- 
ing coral, including Astrangiay Occu- 
Una, Poritesy Meandrina^ etc., grow- 
ing in my marine aquarium ; only 
the first of which I shall speak of in 
this paper. 

I have watched it for hours and 
days at a time with the greatest de- 
light, and I used to think that no 
well-regulated family should try to 
exist without a specimen of live cor- 
al ; but that may be an exaggerated 
idea of the subject, and I have learned 
to conceive how this may be possible. 
The beauty of a fine zoothome (that 
is, a number of coral polyps on a 
branch of coral), fully expanded and 
searching for their food, is almost in- 
describable — a branch of the most 
exquisite flowers, a living royal bou- 
quet ; to the naked eye, in fact, what 
some of those beautiful minute ob- 
jects, which your Society have so 
kindly shown to me from time to 
tinrie under the microscope, seem to 
you, and that, I'm sure, is pretty 
enough ! My first specimen, Astran- 
giay as described by Dana, was about 
as large as the palm of the hand, en- 
crusting an uneven surface of stone 
in nodular shape. When the polyps 
were all out of their calicle, the 
zoothome, or animal part, with long, 
slender, thread-like, fleecy tentacles, 
dotted all over with little knot-like 
markings, extended in all directions 
in search of food. Some of the po- 
lyps were nearly an inch in height 
above their calicle, and in diameter 

* Read before the New York Microscopical 
Society, November 17th. 



nearly as large as a pipe stem, the 
mouth situated in the centre of the 
tentacles, as in the actinae. In feed- 
ing them with pieces of clam, oyster, 
chicken, or raw beef, I sometimes 
hand to each individual a piece sepa* 
rately, but generally cut it up in small 
pieces, in size from the head of a pin 
to a grain of wheat, and drop them 
into the water directly over the po- 
lyps, when every piece is securely 
seized by their outstretched arms, 
passed along slowly but surely to the 
mouth, and swallowed. All of this 
can be plainly seen through their 
semi-transparent, glassy walls.. After 
digestion has taken place the animal 
sinks down in its calicle to rest. 

These long, fairy-like tentacles, 
implements for gathering food, how- 
ever, are not the innocent objects 
they seem to be, as many an unlucky 
shrimp or crab can testify, for each 
one of them carries concealed in the 
little knot-like protuberances already 
mentioned, a perfect armory of wea- 
pons of warfare called lasso threads, 
with which they shoot out their pois- 
oned arrows. 

I have seen a poor shrimp acci- 
dentally pass too near one of these 
groups when he would receive such 
a shock as to make him jump clear 
out of the tank and fall upon the 
floor — and others that would curl up 
in a trembling sort of way, turn 
white and die. 

An association of these polyps 
must be of a most intimate kind ; 
though each individual has a separate 
mouth, tentacles and stomach, the 
intervening tissue which connects 
them is subject to a free circulation. 
Their principal business, however, is 
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eating and depositing a strong stony 
structure at their base and sides. I 
have observed a number of infant 
polyps budding off the sides of the 
group, and this usually occurs dur- 
ing the autumn months. 



Examination and Exliibition of 
Living Organisms. 

In studying minute, living speci- 
mens of animal life it is often diffi- 
cult to keep them alive for any con- 
siderable length of time. Active, 
free-swimming creatures, such as the 
microscope reveals, find an ocean in 
a little drop of water under the cover- 
glass, and it is impossible to study 
them carefully unless their move- 
ments can be restrained. The water 
evaporates from beneath the cover- 
glass with such rapidity that some 
means must be devised to prevent 
drying. Ingenious devices of various 
kinds have been described in the 
Journal from time to time, by means 
of which the evaporation may be 
prevented. Perhaps the simplest 
method of all, and one as satisfactory 
as any of them, is this : Place a drop 
of water containing the organisms on 
a cover-glass of ^-inch diameter, and 
invert it over a ring of wax or paraf- 
fine on a slide. Then melt the wax 
with a piece of wire to cement the 
cover-glass and make an air-tight cell. 
It is well to place a small bit of 
Nitella or Anacharis^ or some vigor- 
ously growing alga in the drop of 
water. In this way rotifers can be 
seen to develop and multiply for days, 
Cyclops^ Daphnia, and other entomos- 
traca will flourish in cells thus made. 
To confine the movements of swim- 
ming organisms, a little clean cotton 
can be placed in the drop of water, 
in the meshes of which they become 
entangled, and are then readily kept 
in view for two hours or more. The 
plan is an admirable one when cyclo- 
sis in a water plant is to be shown. It 
is well known that cyclosis is always 
most vigorous some time after the 
specimen is prepared and allowed to 



remain undisturbed in its cell. Often 
the movement is entirely stopped by 
cutting, or otherwise preparing the 
plant, and is not again active for an 
hour or more ; in consequence of 
which many disappointments occur 
in attempting to show this phenom- 
enon. But by putting the specimens 
in such a cell a few hours before they 
are needed, there need be no disap- 
pointments. 



New Process of Preparing 
Diatoms.* 

BY PROF. W. BRUN. 

Prof. Brun has used the following 
process for destroying the endo- 
chrome of diatoms with great satis- 
faction. 

If the diatoms are freshly gathered 
and still moist, add to them a few 
crystals of potassic permanganate and 
a very little water ; if they are dry, 
pure or mixed with organic debris, 
they are treated with a very concen- 
trated solution of the same salt. 

The action of the salt should con- 
tinue at least twelve hours. It is well 
to stir the mixture occasionally in a 
vial of about loo grammes capacity, 
placed in a warm place, exposed to 
the sun. 

The vial is then half filled with 
water, and about 30 grammes of cal- 
cined magnesia are added, and the 
whole well shaken. After two or 
three hours, pure hydrochloric acid is 
added in portions of about one 
gramme at a time, adding ten grammes 
in ten minutes. 

For very delicate species, or those 
having lime in their composition, the 
action of the acid may be regulated 
by using a larger quantity of water. 

With frequent agitation the action 
of the chemicals is allowed to con- 
tinue, aided by heat if necessary, un- 
til the contents of the bottle lose their 
color, after which the diatoms are 
washed in the usual way. 

In this process we have first the 

* Bulletin de la Soc. Beige de Mkroscopie. 
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energetic oxidation of the endo- 
chrome by the permanganate. In 
fact, if the diatoms are then exam- 
ined with the microscope, their entire 
organic matter will be seen coagulat- 
ed, brown or black and already 
greatly modified. By the addition of 
the acid, there ensues a disengage- 
ment of oxygen, which burns up, and 
of chlorine which decolorizes : it is 
undoubtedly to these different and 
successive reactions that the perfect 
cleanliness of the silica, without cor- 
rosion, is to be attributed. In fact, 
the surface of the diatoms appears 
pure, and with all its lustre : it has 
lost its organic envelope, and the 
finest details (striae, punctations) are 
clearly to be seen. 

I have tried the different chemical 
methods that have been successfully 
announced during late years, but I 
have not found one of them which 
succeeds so regularly. 



The Mounting of Pollen Grains. 

There are few objects more beau- 
tiful, when properly mounted, than 
pollen grains, and the variety of their 
form is almost endless. They may 
be mounted either dry or in fluid, but 
in the latter case the proper liquid 
medium should be chosen. Water is 
not considered a good mounting fluid 
for grains of pollen, and balsam is 
not suitable. Perhaps one of the 
best mediums is castor oil, which 
clears the grains beautifully, and 
shows their markings very distinctly ; 
but it is an easy matter to experiment 
with each specimen, using different 
fluids, before mounting permanently. 
Whether they should be mounted 
dry or in fluid depends upon the 
taste of the mounter more than upon 
other considerations. 

Dry mounts can be made by pre- 
paring cells as for opaque objects, 
^^d scattering the grains over the 
bottom. Wax cells are excellent for 
the purpose. They may be made by 
cutting out circular pieces from a 
sheet of olive-green wax, such as is 



used in making wax-flowers, by 
means of a gun-punch, pressing this 
upon the centre of the slide and plac- 
ing a brass curtain-ring upon it. The 
application of a gentle heat below 
will soften the wax so that the ring 
will ' sink into it sufficiently to hold, 
or it may be pressed down by means 
of a slip of glass without throwing it 
out of place. The wax should not 
be melted, for in that case it loses its 
smooth surface and spoils the appear- 
ance of the bottom of the cell. 

When the wax cools, put the slide 
on the turn-table and finish up the 
outside of the cell with any thick ce- 
ment or varnish. We prefer to finish 
the cells in this way before using 
them for mounting. 

When ready to mount, dust in the 
pollen grains and run a thin layer of 
shellac around the top of the cell. 
This soon becomes tacky, and the 
cover can then be immediately ap- 
plied. After a few hours the cell may 
be finished with black or colored 
cement. 

Cells may also be made for pollen- 
grains out of cement or varnish, and 
the bottoms can be coated with some 
dead-black paint, or the glass may be 
left clear so that transmitted light 
may be used. 

For mounting in oil the cell is best 
made of plain shellac. It should be 
just deep enough to protect the 
grains from pressure when the cover 
is applied. Shellac is a good cement 
to fasten the cover down, so also is 
hard balsam dissolved in benzole. 

Pollen grains usually make fine ob- 
jects by reflected light, and one of 
the most beautiful objects to be seen 
is a mass of pollen grains from the 
morning glory displayed on a dark 
background. The transparent mounts 
should be examined with a parabola, 
spot-lens or Webster condenser, so 
as to display the grains on a dark 
field. Many of the plants that bloom 
indoors during the winter have very 
beautiful pollen grains, so this article 
cannot be out of season even though 
published so late in the year. 
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On the Processes of Coloring 

Llying Microscopic 

Organisms. 

BY A. CERTES * 

In describing before the Society 
the processes of coloring living tis- 
sues by cyanine or quinoline blue, 
or Bismarck brown, I remarked that 
the nucleus of infusoria seemed not 
to be colored by the reagent so long 
as the animals continued to live, and 
even for several hours after death. 
Nothing has occurred to contradict 
the first observations. I have only 
found that the cyanine colors the 
living tissues even when the amount 
in solution does not exceed one five 
hundred thousandth part {urAniJi). 

Dr. Henneguy having informed me 
of the analagous properties of a me- 
thyl violet known as dahlia, I have 
pursued these experiments with dif- 
ferent violets of Paris, and I have 
found that, despite their very similar 
chemical composition, their action 
varies according to the kind and also 
to the trade-mark. Some are always 
poisonous to all species of infusoria. 
Others only color certain species 
among those that live in the same 
liquid. Others finally, — and it is to 
this point that I call attention of the 
Society — color the nucleus of the 
living infusorium and color it more 
strongly than the protoplasm. 

In general, with the violets of Paris 
the cilia are always stained, and the 
liquid of the contractile vacuole — so 
far as one can judge in an observa- 
tion of such a delicate nature — often 
participates in the general coloration. 

As concerns the nucleus, I have as- 
certained in a most evident manner 
the selection of the coloring matter, 
by it, first with the violet B B B B B. 
upon the large Balantidium from the 
intestine of a Bombinator igneus, and 
in other species f with the violet 
B B B B B and dahlia violet. The 

♦Translated for this Journal from the 
Bulletin de la SocUU Zool. de France, 

\ Paramecium aurelia^ Vorticellas, Oxytri- 
ches, Stylonychia^ Volvox globator 



violet 50 N, and the gentian violet, 
on the contrary, notwithstanding their 
great power of coloring, have no ten- 
dency to go to the nucleus. 

As to the more or less great resist- 
ance that certain closely allied spe- 
cies oppose to the action of the same 
reagent, I will cite the fact, in sup- 
port of my observation, that I have 
seen in the same liquid, small species 
of Paramecia * continue to live in- 
definitely without being colored, while 
all the others of equal or greater size 
had entirely disappeared. 

The coloration of the nucleus of 
the infusoria is a new fact. It is so 
much the more interesting to ascer- 
tain that the more recent researches 
demonstrate the preponderating role 
which this element plays in the phe- 
nomena of nutrition and reproduc- 
tion, and, if one may also so speak, in 
the government of the life of unicel- 
lular organisms. 



The Podura Scale. 

BY THE EDITOR. 

The scales of the insect, long 
known by the name of Podura^ have 
been renowned as test-objects for 
many years. They are not test- 
objects in the sense of being difficult 
to resolve, for, as Dr. Carpenter has 
said, a good 2 -inch objective will 
show their markings ; yet they are 
valuable for testing objectives oi ^ 
powers up to a twentieth or fiftieth. 
The podura-scale has been the sub- 
ject of much study by microscopists 
in the past, and eminent authorities 
have differed very much in their in- 
terpretations of the microscopic ap- 
pearance of the scale, which, under 
different conditions of illumination, 
could be greatly changed. Dr. Roys- 
ton-Piggott described a beaded ap- 
pearance, which he deemed to be the 
true structure. Mr. R. Beck main- 
tained that the proper microscopic ap- 
pearance was that of rows of exclama- 
tion points. Without further allusion 

* Probably Paramecium pectinum* 
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to the experiments of a few years ago, 
the question has forced itself upon 
several microscopists of this city 
while examining objectives from dif- 
ferent makers : " What is the proper 
appearance of the podura-scale ? " It 
is not now a question of structure 
but of appearance. It is found that 
a Wales objective gives a different 
appearance to the markings from a 
Tolles. Both give sharp images, but 
they are not alike. Which is the 
best objective — in other words, which 
image is the correct one ? It is dif- 
ficult to describe the different ap- 
pearances without illustrations, and 
the purport of this article is merely 
to direct the attention of observers to 
the subject, as it is our intention to 
return to it at some future time when 
suitable cuts can be obtained. 

With some objectives each " excla- 
mation point ", or spine as we shall 
designate it, appears to have a longi- 
tudinal slit of light, tapering at both 
ends, the broadest part near the top 
of the spine. With other objectives 
the line of light appears to have a 
distinct head ^t the upper end, from 
which it tapers away. While some 
objectives clearly show the point 
where the spine seems to be attached 
to the scale — that is, they very sharp- 
ly define the tapering end of the 
spine — others show only the upper 
part of the spine, the small end being 
** fuzzy " and fading away indefinitely. 
It is not usual to see the spines just 
as Mr. Beck has figured them. A 
cheap Beck objective gives the near- 
est approach to that appearance of all. 

In these observations, which were 
made by several persons together, a 
number of objectives of the same 
nominal focal length, and of the same 
angular aperture, were compared un- 
der identical conditions, and others 
of different powers were used with 
oculars which afforded approximately 
the same magnifyingpower. 

The result is, that it is still a mat- 
ter of uncertainty how the podura- 
scale ought to appear. 

o 



Cleaning Diatoms. 

REPLY TO MR. KITTON. 

Having been absent in the moun- 
tains, I did not see, till the latter part 
of last month, the reply of Mr. Fred. 
Kitton, Honorary F. R. M. S., in the 
August number of the Journal, to 
my article on " The Preparation of 
Diatoms," published in the June 
number. Though I had not unfre- 
quently seen the Science Gossip ^ I had 
never met with Mr. Kitton's articles, 
nor heard of them till I saw his re- 
ply. My article was actually written 
about five years ago, and I then 
showed it to Mr. Charles Stodder, of 
Boston, Mass., well known to micro- 
scopists, who advised me to offer it 
for publication. I did not, however, 
and it laid among my papers till I 
took it up last March. With slight 
revision, it is the same as I wrote five 
years ago. Previous to 1877, I, in 
correspondence, and verbally, related 
the process as I have described it in 
my article, and I have done so since 
1877. After reading Mr. Kitton's re- 
ply, I wrote to Mr. Stodder ; he 
looked up Mr. Kitton *s articles, and 
he writes me (he had never seen 
them before) that Mr. Kitten's de- 
scription of the process is, indeed, 
very like mine. I can only say, this 
is coincidence. Had I known of Mr. 
Kitton 's articles I might not have 
written upon the subject ; or, had I 
written, I would have given him full 
credit. My purpose in offering my 
paper for publication was to present 
a simple, clear, concise account of the 
process from beginning to end, for 
large quantities of material as well as 
small, of the preparation of diatoms, 
such as I had not found in books or 
science publications, and such as I 
thought most of those, beginners es- 
pecially, interested in the study of 
these beautiful objects, had not 
found. The claim to originality lay 
especially in the extended mode of 
getting rid of the sand. The chemi- 
cals I knew had been used be- 
fore, if not in the same order. With 
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mind 
nthe 

habit of using, and not water obtained 
in calcareous ground. Such water, 
thoroughly filtered, can hardly, I 
think, be practically different from 
distilled water. 

The name "sub-plutonic" has been 
given to diatomaceous deposits found 
under beds of lava. They are found 
in regions where, in the geological 
changes, there have been great up- 
heavals, subsidences, and volcanic 



Mr, Stodder confirms the above. Mr. 
Stodder writes : " I was surprised by 
the resemblances;" the difference 
is " mostly in phraseology." This is 
only one of many curious coinci- 
dences which abound in literature. 
—Ed.] 

Lithological Microscope. 

The application of the microscope 
to the examination of rocks has be- 
come of great value to the lithologist 
and mineralogist. Not only has the 
ight upon 
'hich con- 

cnowledge 
osition of 
brmations 
, far more 
chemical 
We illus- 
the many 
icroscopes 
m English 
iVatson, of 
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action. They are hard from the heat 
of the lava at the time it overflowed 
the deposits. 

R. S. Warren., M. D. 

Colorado Springs. 

[A previous communication from 



London, which has proved quite satis- 
factory to those who have used it. 
Stands for the same purpose are made 
by Mr. Bulloch, and the " acme litho- 
logical " is sold by Messrs. Queen & 
Co. and by Mr. Woolman. Our read- 
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ers may now compare the American 
stands with the cut of the English 
stand. 



Examination of Water and Air 

for Sanitary Purposes^ with 

RemarJLS on Disinfection.* 

It is well known that the presence 
of chlorides, nitrites, etc., in water, 
is indicative of contamination with 
sewage, or with organic matter of 
some kind, and, by general consent, 
such waters are regarded as unsafe 
for household use. On the other 
hand, it must be admitted that the 
constant use of such waters for drink- 
ing is only occasionally followed by 
diseases which can be attributed to 
them. Certainly chlorides and nitrites 
are incapable of producing contagious 
diseases. Therefore, there must be 
another element in those waters which 
produce typhoid fever for example, 
that may or may not accompany the 
compounds mentioned. At present 
it is almost universally conceded that 
this element is a living microscopic 
germ, which develops and multiplies 
in the water. If this is true, it is ob- 
vious that the results of a chemical 
analysis are quite incompetent to 
prove the healthfulness of a water. 

Granting this, it may be argued 
that chemical examinations are quite 
useless for sanitary purposes. The 
fact is quite otherwise. For although 
the chemist cannot detect the germs 
of disease, which likewise baffle the 
scrutiny of 1:he microscopist, his ana- 
lysis indicates the source of contami- 
nation. It enables us, therefore, to 
trace the contamination to its source, 
and thus determine its nature. 

Perhaps it will be a somewhat start- 
ling assertion to say that the drainage 
from vaults containing human dejecta 
is not necessarily unhealthful. Yet 
the truth of it is demonstrated by the 
immunity from contagious diseases 
of thousands of families whose wells 

*Abstract of an article by R.Hitchcock, 
published in the youmal of the Franklin 
Institute. 



are situated close by, and below, such 
vaults. Sanitarians become greatly 
excited over the condition of affairs 
in this respect all over the country, 
and they predict most direful epide- 
mics. But, somehow, the epidemics 
do not come. Chemists examine the 
water, Boards of Health order the 
wells closed, and families complain 
of the injustice of it because they 
have never suffered from the use of 
the water. Evidently theory and 
experience do not correspond. 

Nevertheless, the explanation is 
simple enough. Let there be a single 
case of typhoid fever in a house when 
the well is thus contaminated, and 
the probability is that those who 
drink the water will also take the 
disease. The germs will be carried 
into the well. They may be dissemi- 
nated from it through the entire com- 
munity, and the result would be, and 
often has been, a wide-spread epi- 
demic. This is a fact of observation, 
and quite independent of any theory 
of the origin of disease. Therefore, 
chemical examinations of water are 
of value, not in that they prove that 
the water is unhealthful, but because 
they indicate the possibility of its 
becoming a vehicle of disease, and 
point out the source of the con- 
tamination. 

Air which is chemically pure may 
be a vehicle of contagion ; and air 
which is chemically very impure may 
be perfectly harmless as regards con- 
tagion. In other words, sewer gas, 
whatever that strange combination of 
odors may be, is not, per se^ a vehicle 
of contagion. If it were, the popu- 
lation of New York City would be 
decimated every year. * * * * 

I would not say that the health of 
the city was not affected by the con- 
dition of the streets. Very likely it 
was ; but the effect was merely that 
of air contaminated by the gases 
arising from the decomposition of 
refuse matter, utterly incapable of 
breeding a pestilence. Ammonia and 
sulphuretted hydrogen, and the va- 
rious other gases which arise in this 
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way, do not produce contagious dis- 
eases. 

But if the atmosphere carries the 
ms of disease, it is not unlikely 
that these will be most active where 
the air is impure. For, if these be 
germs of living organisms, they will 
doubtless find a suitable nidus for 
growth and multiplication where de- 
composition is going on, and they 
will be disseminated by the rising 
gases. It is very likely that some of 
them increase in virulence when they 
grow shielded from the free access of 
air. But so long as the germs are 
absent, sewer gas or effluvia of any 
kind will not generate contagia. 

About three years ago Professor R. 
O. Doremus read an article before the 
Medico-Legal Societ)' of New-York, 
entitled "Epidemics from a Chemi- 
cal Standpoint.*' In the experiment 
which he then performed the perme- 
ability of sandstone, brick, etc., to 
gases was demonstrated. This fact 
is well known to chemists, but the 
experiment proves nothing more than 
that the poison of contagia may be 
retained by the porous walls of houses. 
It should not be inferred, however, 
that the contagia are able to pass 
through the stone, for that has not 
been proved and is, indeed, highly 
improbable. 

Experiment indicates that all the 
floating germs of contagious disease 
may be filtered from the air by means 
of cotton. Gun-cotton can be em- 
ployed for this purpose, after which 
it can be dissolved and the germs 
will settle to the bottom of the solu- 
tion where the microscopist can find 
them. There are also other methods 
of collecting them for examination. 
The microscopic examination of air 
is, therefore, very important. But it 
should only be entrusted to careful 
investigators — persons who are not 
too hasty in drawing inferences from 
experimental results. The more one 
studies the microbes of the air, the 
more fully he realizes the immense 
field to be gone over before the re- 
sults can be properly interpreted. To 



definitely declare the relation between 
these microbes and specific diseases 
now, indicates a very superficial knowl- 
edge of the subject. For it is im- 
possible to distinguish by sight be- 
tween a bacterium that is virulent 
and one that is harmless. 

The results of experience may, 
therefore, be summed up in a few 
words, thus : We have no means o( 
determining when a water, which an- 
alysis shows is liable to become a 
carrier of disease, does become active 
in its dissemination, nor can we yet 
determine whether the air we breathe 
is or is not loaded with the germs of 
disease. 

But we cannot doubt that after 
years of continuous observation by 
competent persons, satisfactory results 
will be obtained. I regard it as a 
national misfortune that the National 
Board of Health has been unable to 
secure an appropriation adequate to 
continue its work and the publication 
of the Bulletin. 

Sceptics may question the value of 
these investigations, but let us look 
for a moment at the actual results in 
saving human life, shown by the 
statistics of England and Wales for 
successive periods of ten years since 
1 84 1. The annual death rate for 
those countries for ten years, from 
1 84 1, was 22.4 in 1,000 persons ; for 
the next ten years it was 22.2, and for 
the next ten years, up to 1870, it was 
22.5. For thirty years, therefore, it 
remained quite stationary. Then 
sanitary science was applied to dimin- 
ish the death rate, and in the next 
ten years, from 1871 to 1880, it fell 
to 21.5. This represents the saving 
of a quarter of a million lives. A 
further examination of the statistics 
also shows that this saving of life is 
in great part due to the effect of sani- 
tary laws upon the prevalence of cer- 
tain zymotic diseases. In exact figures, 
0.78, or more than three-fourths of 
the improvement is due to this alone. 
The fever death rate has fallen from 
0.80 per 1,000, in 1870 to 0.32 in i83o. 

Another subject, upon which there 
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is considerable misapprehension, is 
the efficiency of disinfectants. Here 
again the sanitarian can act without 
relying upon any theory of disease ; 
for whether there be a living germ or 
a chemical poison, the disinfectant 
must be strong enough to kill the one, 
or at least to render it inactive, and 
to decompose the other. The utter 
inefficiency of carbolic acid vapor, or 
of any aerial disinfectant whatever, 
in a sick-room, will be evident to any 
one who is familiar with the micros- 
copic study of living germs. For it 
is known that they can withstand 
treatment with chemicals which would 
instantly destroy the life of higher 
organisms, and no atmosphere which 
we could breathe would destroy, or 
materially affect the vitality, or activity 
of, disease-germs. It may be said that 
ordinary aerial disinfection is utterly 
useless. The only eflScient method 
in the sick-room is the immediate 
disinfection of all refuse, and thor- 
ough ventilation. 

A more accurate knowledge on the 
part of some persons, of the capabil- 
ity of germs to resist destruction, 
would prevent the advocacy of absurd 
and impracticable schemes for disin- 
fection, such as the freezing out of 
yellow fever from a ship, and others 
of like character. It may be as- 
sumed, with a fair degree of proba- 
bility, that yellow fever, or any other 
contagious disease, will not be carried 
around in a ship's hold if the latter 
is thoroughly aired and ventilated ; 
and by a proper regard to sanitary 
conditions, the quarantining and dis- 
infection of vessels after long voy- 
ages from infected ports, would be 
rendered quite unnecessary. 



Unpressed Mounting for the 
Microscope.* 

Bv Alfred W. Stokes, F.C.S. 

Blue bottles are still in season! At 
every window, with very little or very 

* ^roxn JoumcU of the Postal Microscopical 
Society, 



grtat panes, the microscopist, on that 
happy hunting ground, may meet the 
. buzzing monster. There are few ca- 
binets in which " the Tongue of a 
Blow-fly " is not to be found ; it haunts 
the boxes of " The Postal Microsco- 
pical Society " with painful regularity; 
go to any soir^e^ and you will, with 
certainty, through some brazen tube, 
see the blow-fly putting out his ton- 
gue at you. Most books on the mi- 
croscope seem to open easiest at the 
picture of " the tongue of a blow-fly "; 
they almost all have a drawing of it. 
And all these many tongues appar- 
ently conspire to utter the same mis- 
statement of fact ; for how few of us 
have ever through the microscope 
seen anything but a squashed and 
flattened object; — a something as like 
the real thing as that flattened collec- 
tion of dirty feathers over which se- 
veral cart-wheels have passed is like 
the once gay rooster. 

Now, seeing these are serious ob- 
jections to the too common method 
of mounting, and suspecting that 
most of this distortion of nature re- 
sults from not knowing how else to 
preserve microscopical objects, we 
would lay before our readers what we 
consider a better, easier, and more 
natural method : — a plan in which, 
from the beginning to the end, the 
true shape of the object is preserved. 

Let us try whether we cannot 
mount our tongue of blow-fly, 
for instance, so as to s.ee its true 
shape; to have it transparent in every 
part ; to be able to view each hair, 
every ramification of the internal or- 
gans, tracheae, etc., just in the posi- 
tions they naturally occupy. 

And, firstly, it is not necessary to 
wait till our blow-fly has his tongue 
protruded over some piece of sugar, 
and then deftly to cut it off with a 
pair of scissors. Nor need we squeeze 
the head to make the tongue pro- 
trude, nor pull it out with tweezers. 
All such methods mean the expen- 
diture of a lot of time, and the slaugh- 
ter of a number of blow-flies, with the 
production of a few more or less 
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damaged and fragmentary objects. 
In fact, we will not cut off the tongue 
at ally but mount it in its natural po-. 
sition on the head ; for our blow-fly's 
neck is so slender that there is no 
difficulty whatever in decapitating 
him. We will, therefore, do so. Now, 
if we consult our books on micro- 
scopical mounting, we find that we 
must first dry the head, and then 
soak it in turpentine; or, as some say, 
put it at once in turpentine and wait 
till it is transparent. If mounting 
anything but horses had been in vo- 
gue in Methuselah's days, such me- 
thods would have been then well 
worth trying ; there was no need for 
hurry in those happy times. Those, 
perhaps, were the days when they 
placed knobs of " Wallsend " in car- 
bonate of potash solution, and fished 
them out a century or so later, just 
nice and soft for cutting coal sec- 
tions. Alas ! this is now a lost art, in 
spite of the plain directions given in 
various works on microscopical 
mounting ! But as we cannot wait the 
months necessary for the blow-fly's 
head to become transparent (if it ever 
would by this process), we will try a 
shorter plan ; for even in micro- 
scopical mounting it is of some ad- 
vantage to be reasonable. And in 
order to make it transparent, we have 
first to get rid of the mass of color- 
ing matter and of all air; since, of all 
things, air diffused through an object 
is the most /^-transparent, — difficult 
to get rid of, and misleading in its 
appearances to the microscopist. 
Most bodies contain about seventy 
per cent, of water, and in di*ying an 
object, therefore, we get rid of all 
this, partly by shrivelling up the ob- 
ject, partly by replacing the water 
with air. Then, having spent some 
time and effort to get the object well 
filled with air and nicely shrunken 
up, we set to work with still greater 
trouble to get the air out again, and 
to puff out the specimen to something 
like its former shape. Hence, what- 
ever else we do, we will not dry our 
object. That part of the tissue of 



the blow-fly's head which is not swol- 
len with water is filled with air; and 
so, while taking out the coloring 
matter, it will be an economy of time 
to get rid also of some of the air. 
What apparatus do we need for this ? 
would not an air-pump be of use? 
By all means, if you can afford it, 
and if you wish to add another to 
your array of instruments go and 
purchase an air-pump, and do what- 
ever you like with it, only do not use 
it for microscopical mounting. Go, 
instead, and buy a kalf-penny test- 
tube ; for a solitary test-tube is the 
whole of the preparing apparatus 
needed in this method ! 

Into this test-tube place the fly's 
head, and fill the tube half-full with a 
solution of soda or potash. Stand 
the tube in a cup or tin pot of boil- 
ing water, and leave it on the hob of 
a fire or other warm place to' keep hot 
till morning. Then examine the head 
and see if it looks almost transparent; 
if not, pour off the soda-solution, and 
add a fresh supply, and again keep 
the tube hot till the object becomes 
semi-transparent. Now pour off the 
solution and add hot water, in a few 
minutes emptying it out and adding 
some more ; repeat this at least three 
times, and finally leave the last quan- 
tity of water on the object for an 
hour to cool. Next pour off all the 
water and replace it with spirit of 
wine; methylated spirit, if strong, will 
do sufficiently well. Heat this by 
immersing the tube in a vessel of hot 
water for one minute ; then take it 
out, cork it up, and leave it for one 
hour. 

So far, we have, by means of the 
soda-solution, destroyed all the flesh 
and fat-tissues, leaving only the cu- 
ticle* and internal organs, such as the 
tracheae, etc. In doing this, we have 
filled up most of the few natural air- 
spaces with soda-solution; which, 
however, being a somewhat dense 
fluid, would not enter many of the 
narrow tracheal tubes. Then with 
water we replaced the soda-solution, 
and washed away the parts destroyed 
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thereby. On replacing the water by 
alcohol — a still less dense fluid — 
more of the finer air-spaces are pene- 
trated and the air driven out : there 
are still, however, some tubes too 
minute even for alcohol rapidly to 
enter. So now we pour off the spirit, 
and add ether instead, which answers 
a double pui*pose; — it enters readily 
the very minutest passages, displacing 
the contained air, and it also dis- 
solves the globules of fat left un sa- 
ponified by the soda-solution. After 
leaving the ether for fifteen minutes 
in the corked tube, and shaking it 
once or twice, we pour it off and add 
turpentine; and then in ten minutes' 
time our blow-fly's head is ready for 
mounting in Canada balsam or dam- 
mar. 

But if so mounted, it will be very 
diflScult to see much of the finer inter- 
nal structure, since these media ren- 
der some parts far too transparent; 
hence some of the glycerin me- 
dia are preferable. In such cases, 
after pouring off the ether add 
alcohol and at the end of fif- 
teen minutes replace the alcohol 
with cold water, and leave for 
fifteen minutes more. Then the 
water, may be poured off, and the 
mounting-fluid, whether glycerin, 
carbolic acid, gelatine, Goadby's or 
Thwaites' fluid, may be added. The 
object, if mounted in any of these, 
will have a far more natural appear- 
ance, and show more plainly the finer 
structures, than if mounted in Canada 
balsam. The times mentioned above 
are those it is necessary in most cases 
to wait, but longer intervals would 
often be preferable. If we are busy, 
the tube and its contents may be left 
at any stage of the proceedings for 
days, with a certainty that the object 
will only benefit by the delay; except 
in the case of the soda- solution. Of 
course, when the object is transparent 
enough, a longer stay in that solution 
would only render it too transparent, 
and so spoil it. It is not necessary 
to use distilled water, though it is 
better to do so; but whatever water 



is used, it should have been just 
freshly boiled and be used hot. 
Cold, unboiled water contains a large 
quantity of air, and if used in that 
state will certainly impart air to the 
object instead of helping to extract it. 

The soda or potash-solution is 
made by adding solid potash or soda 
to eight times its weight of boiling 
water. 

The spirit and the ether, which 
have been used during the process, 
should be poured off into a separate 
waste bottle, either to be afterwards 
redistilled, or for use in some other 
way : — ether, being highly inflam- 
mable, should not be brought near a 
light. The only expenses are for 
soda, alcohol, ether, and one tube; of 
the alcohol and ether there is prac- 
tically very little waste, as a pint of 
each will prepare some thousands of 
specimens. 

So far, we have written as if it were 
only the blow-fly's head that we 
wished to prepare ; but it is obvious 
that in the same tube we may have 
some dozen or more insects, or parts 
of insects, — only being careful to 
remember which is which. The same 
system will answer likewise for plant 
specimens, such as sections of wood, 
small seed-vessels, leaves, etc. Only 
in their case they should first be de- 
colored by pouring sodic hypo- 
chlorite into the tube ; fhen, after well 
washing with water, the rest of the 
process may be followed as before, 
leaving out entirely the use of the 
soda-solution. The great difference 
is in the matter of speed, as vegetable 
preparations can be made far more 
rapidly than insect ones. It is pos- 
sible by this method to cut a dozen 
sections from a living branch, — 
bleach, stain, and mount them in 
Canada balsam or glycerin-solution, 
— and finally, ring and label them, all 
within the hour. 

Should some. of the preparations — 
our Blow-flly's head, for instance — 
become too colorless and transpar- 
ent, all we have to do is to stain such 
by the addition of a few drops of an 
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alcoholic solution of some coloring 
matter (logwood answers well) to the 
alcohol in the tube. The subsequent 
use of ether will fix the color. 

Usually after this treatment, the 
object will be found to be quite clean ; 
but if not, it should be gently brushed 
with a camel-hair pencil while in the 
turpentine or glycerin-fluid. The 
wings of many insects are partially 
destroyed during the process, but 
since these can, if desired, be easily 
mounted separately, this is not of 
very great importance. 

The next point is how to mount 
our objects without pressure. Small 
insects, — such as ichneumon-flies and 
gnats, — parts of insects, such as the 
legs, etc., — leaves and other portions 
of plants, may be mounted in shallow 
cells, formed by running a ring of 
gold-size or " brown cement *' on the 
glass slip. The brown cement is very 
useful for this purpose, and is highly 
recommended where a rapidly-drying 
and firm cement is required. For 
those to whom expense is no object, 
the slips having cells hollowed out in 
the centre should be chosen. 

Larger objects will need a deeper 
cell than any of these afford ; and to 
form such, vulcanite rings are un- 
doubtedly the best, as also they are 
the cheapest. A number of these 
rings, of various thicknesses, should 
be. cemented to ground-edge glass 
slips. Let no true microscopist in- 
dulge in the paltry saving effected by 
using slips with rough edges. Though 
anyone possessed of such ultra- 
frugality may have the right to cut 
his own fingers with their sharp 
edges, he has no right to endanger 
the cuticle of his friends : and if he 
intends to prevent this by covering 
up the slide with some of the harle- 
quin papers too often used, he will 
find that there is no economy in the 
double purchase, either in the matter 
of time or expense. 

Having prepared a number of vul- 
canite cells a day or so beforehand, 
we select one just a trifle shallower 
than the object to be mounted: and 



if the mounting is to be in any other 
solution than Canada balsam or dam- 
mar, we proceed thus: — The top edge 
of the cell we cover with a thin layer 
of brown cement ; then we breathe 
into the cell, and before the moisture 
dries fill it up with the solution for 
mounting in. If we did not breathe 
into the cell, there would probably 
be an ugly rim of minute air-bubbles 
clinging round its bottom angle. 
Into the cell we now place our blow- 
fly's head or other object, and with a 
needle or small sable-brush arrange 
it in the centre in any desired posi- 
tion. Insects mount best by placing 
them on their backs. 

After seeing that the cell is brimful 
with fluid, we take up a clean cover- 
glass of such a size that it is not quite 
so wide as the full width of the vul- 
canite ring, and on the under side of 
this we breathe gently: then quickly 
place one edge downwards on to the 
vulcanite ring, in the position it will 
finally occupy, and somewhat slowly 
lower down the opposite edge on to 
the ring till the cover-glass lies flat. 
If this is properly done, there will be 
no air-bubbles in the cell, nor any 
clinging to the cover-glass ; neither 
will the object be forced from its 
central position. To ensure the stilJ 
tacky cement fastening the cover- 
glass securely, we place over the 
whole a slight spring-clip, and leavJ 
the mount thus for some hours. 
Then the clip may be taken off, and 
the slide washed under the tap; when 
dry, a new ring of cement should be 
placed on the edge of the cover- 
glass and on the outer edge of 
the vulcanite ring: to which any 
rings of colored cement may 
afterwards be added. There are 
few finishing cements that are equal 
in appearance, or so durable, as that 
made by adding one-third of gold- 
size to some Brunswick black: it 
dries rapidly and is tough and elastic 

For mounting in Canada balsam 
or dammar, we make a similar ring 
of brown cement on the vulcanite 
ring. Inside the ring, or cell, we 
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place a drop or two of turpentine, 
which we then shake out again, and 
fill up the cell with the fluid balsam. 
Into this we place the object, taking 
it from the turpentine in which it had 
been left to soak, and arranging it in 
the cell. On the under surface of a 
clean cover-glass we place another 
drop of turpentine, allow it to run 
off, and then lower down the cover- 
glass just as in the former case. 
After the spring-clip has been on 
for a day or two, we can carefully 
scrape oflF the excess of balsam, wip- 
ing the top carefully with a rag mois- 
tened in spirit, and then running a 
ring of cement round the edge as 
before. 

And now we have mounted, let us 
say two heads of the blow-fly, — one 
in glycerin fluid, the other in Ca- 
nada balsam. Let us see how they 
look through the microscope. Our 
first impression is — how different the 
object appears to that spread-eagle 
thing we have so often looked at ! 
Why, we can actually focus down and 
see, first, the tips of the hairs on the 
fly's head ; then we see their inser- 
tion on the scalp ; and focussing 
somwhat lower we enter the cavity 
where once part of the brains were, 
— only a cavity now, through which 
meander a pair of tracheal tubes, but 
where once our blow-fly did all her 
thinking, — ^where she laid her plans 
for stealing our sugar, and for the 
safe depositing of those minute pro- 
geny so dear to the cultivators of 
the gentle angling craft. Lower down 
still we come to the roots of the 
hairs at the base of the skull. We 
really must have revolved our fine 
adjustment-wheel some dozen times, 
and we remember how formerly, with 
only half a turn, we used to find 
ourselves at the other side of our 
flattened specimen. 

On each side of the globular head 
stand out the many-facetted eyes. 
At the base of the proboscis which 
juts out from the front are the 
strange pair of antennae. In the 
naiddle of the proboscis stand out 



the palpi. In a groove near its end 
lie the sharp setae or lancets. The 
end is swelled out by a beautiful 
network of pseudo-tracheae into two 
semi-heart-shaped masses, between 
which we discern the salivary tube. 
And now it is easy to understand 
how the sugar disappears. There, 
under our binocular, the tongue 
of a blow-fly stands out solid, and 
looks as we never saw it before ; it 
is more than ever a thing of beauty, 
but its use also is plain. Turning 
over the slide, we notice underneath 
the< narrow opening from which some 
tracheae still project, and through 
which there once passed nerves, 
muscles, digestive canal, and tracheae, 
from the head to the body. 

Let us henceforth resolve that we 
will no longer crush out of their 
real semblance any more of nature's 
beauties, no longer fill our minds 
with false notions of the truth; but 
preserve, so far as we can, the true 
and lovely form that nature every- 
where bestows upon her creatures. 



An Easy Method of Detecting 

Bacillns Taberculosas for 

Diagnostic Purposes.* 

BY GEO. A. PIERSOL, M. D. 

* * * At the present time there 
is, probably, no other subject re- 
ceiving more earnest study and 
careful investigation than that of the 
discoveries of Koch regarding the 
bacillus of tubercle. While these re- 
searches bid fair to yield the most 
important results, it is no disparage- 
ment to that excellent observer to 
assert that extended investigation 
into the modifications naturally re- 
sulting from the manipulations of dif- 
ferent workers, will alone develop 
and complete our knowledge of the 
conditions of existence and life- 
history of the micro-organism, . and 
determine the exact value of its pres- 

♦ Abstract of an article in the Western 
Medical Reporter, 
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ence or absence from a practical 
stand-point. 

It will be remembered that the 
demonstration of the presence of 
this bacillus, as well as its chief dis- 
tinctive feature, depends upon its 
appropriation of certain coloring 
matters, while the ordary bacilli of 
putrefactive change remain unaffec- 
ted. Heretofore the method em- 
ployed by Koch has been very un- 
satisfactory, on account of its un- 
certainty and often entire failure ; 
the modifications suggested by Ehr- 
lich yield more uniform results, with- 
out, however, overcoming the ele- 
ment of uncertainty. 

Recently, inThe Lancet of Aug. 5th, 
Dr. Heneage Gibbs has given his 
plan of staining the bacterium, claim- 
ing for the method uniformity and 
certainty of action. * * * 

The coloring matters employed are 
magenta crystals and chrysodin 
(chrysoidin); the latter is a brown, 
staining the ground-substance, but 
with less intensity than vesuvin. 
These solutions are required: — 

A. — Magenta crystals, 2 gram. Pure 
anilin, 3 gram. Alcohol (s. g. 830) 
20 c.c, Dist. water, 20 c.c. 

Dissolve the anilin colors in the al- 
cohol, rubbing them up in a glass 
mortar, adding the spirit gradually 
until all the color is dissolved, then 
add water slowly while stirring. 
Keep in a stoppered bottle. 

B. — Saturated solution of chrysoi- 
din in distilled water; add a crystal of 
thymol to prevent deterioration. 

C. — Dilute solution of nitric acid 
— one part of acid to two of distilled 
water. 

The following is the process of 
staining suspected sputum: — \ 

Spread a thin layer of sputum on a 
cover-glass, and allow it to dry ; 
when quite dry, pass the cover two 
or three times through the flame of 
a Bunsen burner, and allow it to cool. 
Filter a few drops of solution A into 
a small watch-glass, and in this fluid 
place the cover with the charged sur- 
face down, taking care that no air 



bubbles are present. In the staining 
fluid the cover remains 15-20 minu- 
tes; then wash it in the acid solution 
C, until all color has disappeared; 
then remove all acid with distilled 
water, when a faint color again be- 
comes evident; then, in the same 
manner, subject the cover to a few 
drops of solution B, filtered into a 
watch-glass, allowing it to remain se- 
veral minutes, until it acquires a 
brown color; wash away all superfluous 
fluid in distilled water, and then 
place the cover in absolute alcohol; 
afterward dry it perfectly in the air, 
place a drop of Canada balsam solu- 
tion on the cover, and mount. 

* * * In successfully stained 
preparations the bacilli are readily 
seen with a good J^ or 1-5 -inch ob- 
jective, being well exhibited with a 
J^ or i-io. 

In commenting on the diagnostic 
value of the presence or absence of 
these micro-organisms, Dr. Gibbs 
states that in cases of undoubted 
phthisis he readily found them; in 
those cases presenting suspicious 
symptoms, some yielded the charac- 
teristic bacillus, while in others it 
was absent. In duplicate slides 
prepared, the putrefactive bacilli re- 
mained unstained by the magenta 
process. * * * 



The Effect of Tobacco. 

[The following abstract of an arti- 
cle in Good Health, attributed by that 
paper to the New York Times, may 
or may not be true. Probably it is not. 
The facts may be correctly stated, but 
whether the tobacco or the sea voyage 
or the change of climate was the cause 
of the gentleman's demise we are not 
informed. — Ed.] 

" M. Decaisne offers no rationale 
of the action of the narcotic tobacco, 
and enters into no analysis of the dis- 
ease now familiar to popular parlance 
as smoker's heart ; but here his ob- 
servations are supplemented by those 
of a careful microscopic observer. 
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who has discovered that all narcotics 
—opium and its preparations, hash- 
eesh, etc., as well as tobacco — act in 
a peculiar manner upon the colored 
corpuscles of the blood, producing 
the phenomenon styled crenation ; 
that is, the margin of the corpuscle, 
instead of possessing the absolute 
regularity of margin noticed in the 
condition of health, presents a series 
of scallops somewhat irregular in their 
distribution. When viewed by oblique 
light under the microscope, this ap- 
pearance is found to be due to the 
conversion of the corpuscle into a 
minute sac, apparently containing 
some hundreds of spherical bodies 
about one four-thousandth of a milli- 
metre in diameter. In a few hours 
the sac ruptures and the imprisoned 
germs or organisms escape into the 
surrounding plasma to form bacteria 
when the conditions are favorable. 
A few such crenated corpuscles, in 
the proportion of one to three hun- 
dred and fifty, occur in the circula- 
tion of persons in normal health, not 
addicted to narcotics, but in the opi- 
um and tobacco habits, when of long 
standing, the ratio is sometimes as 
high as one degenerated corpuscle to 
ten healthy ones, and often attains 
the figure of one to twenty-five or 
thirty. * ******* 

" An incident illustrating the sequel 
of this appearance in the blood oc- 
curred a few months ago in the office 
of a manufacturing optician of this 
city. As the professor of microscopy 
in one of our medical colleges 
dropped in, a gentleman of evidently 
large wealth and finished intellectual 
culture was just leaving the office 
with a cigar between his lips. He 
was a wealthy amateur, and had 
selected a valuable microscope, using 
a drop of blood from his own finger 
as a test object. The instrument was 
still adjusted and the slide still be- 
neath the lens. The professor glanced 
at it ; he moved the slide to and fro, 
so as to study one field after another ; 
then counted a few fields, and made 
a rapid computation. The optician 



looked on in astonishment. *That, 
gentleman is one of our best custom- 
ers,* he said ; 'buys more heavily 
than half a dozen professors.' * And 
this is a drop of his blood ? ' inquired 
the man of science musingly. The 
purveyor of lenses assented. * Very 
well,' replied the professor, * tell your 
best customer, if you can without 
impertinence, that unless he stops 
smoking at once he has not many 
months to. live.' But he did mot stop. 
A few weeks later he went to Europe, 
thinking a sea voyage might recruit 
his wasted energies. 

" In a few weeks more his death 
was announced by telegraph from 
Paris." 



EDITORIAL. 



, Subscriptions. — Remittances for subscrip- 
tions should be made by post-office or exi>ress money- 
orderSf by drafts payable in New York, or in registeivd 
letters. Money sent in any other way will be at the 
sender's risk. A receipt will be immediately given for 
money received by o^n mail. 

The Journal is issued on the Z5th day of each 
month. Subscribers who do not receive their copies 
at the usual time are requested to inform the Pub- 
lisher of the fact. 



To OUR Readers. — This number 
completes the third volume of this 
Journal. To our friends, and to 
the many constant readers we have 
throughout the country, we extend 
our hearty thanks for the assistance 
they have given to the Journal, 
during the early and uncertain period 
of its existence. To their liberality 
and confidence is due the present 
standing of this paper. In return we 
can only say that it is our desire to 
make the Journal still mere worthy 
of their support and interest during 
the coming year. 

To all of them we wish a merry 
Christmas, and a prosperous, happy 
New Year. 



Exchange-bureau. — There seems 
to be some misapprehension about 
the relations of the publisher of 
this paper and the Exchange-bureau. 
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The prices are fixed by the 
owners of the goods offered. Pur- 
chasers will observe that when the 
maker's price is quoted by the owner, 
it is given in the advertisement. The 
catalogue-prices are not always to be 
taken as expressing the value of the 
apparatus offered, as in some cases 
the apparatus was made for a special 
order, and therefore held at a higher 
value than the regular make of goods. 



Selecting and Arranging Dia- 
toms. — Mr. J. Chalon lately described 
his method of selecting and mounting 
diatoms, before the Belgium Micros- 
copical Society. He picks them up 
with a hog's bristle, 4-5 mm. in 
length, dipped in glycerin, which 
causes the frustules to adhere to the 
bristle. The cover-glass upon which 
the diatoms are to be arranged is 
coated with a thin layer of glycerin, 
by placing a drop of glycenn in 25 
parts of alcohol upon it. The alcohol 
evaporates and leaves the glycerin. 
This retains the diatoms in place, 
and when all are arranged, the cover 
is heated to drive off the glycerin, 
when the diatoms remain firmly, at- 
tached to the glass. 



■0- 



Proceedings of the American 
Society of Microscopists. — The 
Proceedings of the fifth annual meet- 
ing, held at Elmira in August of this 
year, are already printed. They form 
a volume of 292 pages, with four 
plates. A good portrait of the late 
Charles A. Spencer forms the frontis- 
piece. A general index to the trans- 
actions of all the preceding meetings 
has also been published. 

The volume before us is a great 
improvement upon preceding ones. 
It shows great care in its preparation, 
and evidence that the work has been 
in competent hands. It contains a 
full and instructive account of the 
Elmira meeting. As an appendix to 
the address of the President of the 
Society, portions of which we have al- 
ready printed, short notices of the lives 



of the celebrated manufacturers Tol- 
les, Gundlach and Bulloch, and a his- 
torical notice of the Bausch & Lomb 
Optical Company are given. Prof. H. 
L. Smith's memoir of Charles A. Spen- 
cer is printed in full, and it is well 
worth reading. We cannot mention 
the titles of all the articles, but among 
them are the following : " On Light 
and Illumination," by E. Gundlach ; 
" Observations on the Fat Cells and 
Connective - tissue Corpuscles of 
Necturus," with a plate, by Prof. S. 
H. Gage ; " Stereoscopic Effects Ob- 
tained by the High-power Binocular 
Arrangement of Powell & Lealand," 
by A. C. Mercer, M. D., which is an 
article of considerable interest, in 
that the author endeavors to show 
why both ortho- and pseudo-scopic 
effects can be obtained with this in- 
strument. Dr. F. M. Hamlin describes 
the "Wheel-like and Other Spicula 
of the Chirodota of Bermuda " in a 
very interesting way, showing that 
the form of the so-called wheels is 
not properly described in the books. 
The " Improved Griffith Club Micros- 
cope " is figured and described. Mr. 
H. Mills has an article on '* Micros- 
copic Organisms in the Buffalo Water 
Supply and in Niagara River " and 
Mr. C. M. Vorce contributes one on 
the forms found in Lake Erie, which 
has an illustrative plate with Z^ fig- 
ures. Dr. T. B. Redding's article on 
" Osmic Acid — Its Uses and Advan- 
tages in Microscopical Investigations,' 
should serve to bring this valuable 
reagent into more extended use. Prof. 
T. C. Mendenhall gives an account 
of some measurements of a stage 
micrometer by Fasoldt, which shows 
very good spacing; but we would like 
to inquire how the Rogers micro- 
meter, with which it was compared, 
happened to be such a very poor one? 
It looks very much as though no 
special efforts had been made to ob- 
tain a fair specimen of Prof. Rogers 
work, and while it is true that the 
author states that " it does great in- 
justice *' etc., to Prof. Rogers, we still 
think it pertinent to inquire why the 
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measurements were published at all 
under such circumstances ? Perhaps 
some one who knows will tell us whe- 
ther that particular micrometer is the 
one that has been frequently used 
to demonstrate the imperfections of 
Prof. Rogers* rulings. If so, we might 
"a plain, unvarnished tale" unfold 
about that same micrometer. Mr. 
Henry Mills has a valuable article on 
the " Fresh-water Sponge." There 
are 178 names on the list of members. 

The Society deserves to be con- 
gratulated for the thoroughness and 
promptness with which the Commit- 
tee on Publication, consisting of Prof. 
KelUcott, Prof. McCalla and Mr. Fell, 
have done their work. 

Copies of the Proceedings can be 
obtained, we presume, of Mr. Geo. E. 
Fell, at Buffallo. 



Sewer Gas. — Dr. Frank Hamil- 
ton has an article on sewer gas in 
Popular Science Monthly^ of Novem- 
ber, from which the following is 
taken : — 

" This 'term has been employed a 
long time by chemists, sanitarians, 
plumbers, and others, to indicate the 
ordinary emanations from sewers ; 
but recently certain gentlemen have 
taken exceptions to the term, deny- 
ing that there is any such thing as 
sewer gas * having a peculiar and de- 
finite composition.' This is undoubt- 
edly true, and it is probable that no 
intelligent man or educated physi- 
cian ever thought otherwise. 

" What has been called ' sewer 
gas ' is composed of air, vapor, and 
gases, in constantly varying propor- 
tions, together with living germs — 
vegetable and animal — and minute 
particles of putrescent matter. In 
short, it is composed of whatever is 
sufficiently volatile or buoyant to 
float in the atmosphere, and in con- 
sequence of which buoyancy it is per- 
mitted to escape through the various 
sewer outlets. The term is, in this 
sense, well understood ; and it is, 
moreover, just as correct as would be 



the terms sewer vapor, or sewer air, 
which some have chosen to substitute 
for it. 

" It is proper here to add that the 
offensiveness of odors is no test of 
their insalubrity, but that the most 
fatal germs are often conveyed in an 
atmosphere which is odorless. The 
absence of unpleasant odors, there- 
fore, furnishes no proof that the air 
does not contain sewer emanations." 



A New Method of Attaching 
Objectives. — Mr. James L. Pease, of 
Chicopee, Mass., has constructed a 
nose-piece of new and ingenious de- 
sign, intended to facilitate the attach- 
ing and detaching of objectives to 
and from the body of the microscope. 
Its operation resembles that of the 
self-centering chucks used by mechan- 
ics ; the objective is held firmly as in 
a vise, and its centering is perfect. 
Changing objectives is ajccomplished 
with great rapidity and ease, without 
the troublesome screwing up and un- 
screwing. 

The nose-piece can be applied to 
any stand having the society screw, 
no alteration of either stand or ob- 
jectives being required. It is neat in 
appearance and not at all cumber- 
some, and adds but little to the length 
of the tube. It will be more fully 
described after we have had an op- 
portunity to test it in practice. 

o 

The Microbes of Disease. — Dr. 
D. E. Salmon spoke for a few moments 
at a recent meeting of the New York 
Microscopical Society, and incidental- 
ly made some allusions to some ob- 
servations tending to cast doubt upon 
the supposed bacillus of tuberculosis. 
In his own experiments he found a 
diplococcus form in a rabbit which 
was affected with tubercular disease, 
which seemed to be the same as a di- 
plococcus which had previously been 
described as the cause of tuberculosis. 
Koch had described a totally differ- 
ent form — a true bacillus. Later ob- 
servers have failed to discover either 
form. 
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NOTES. 



— We have had occasion recently 
to examine one of Messrs H. R. Spen- 
cer & Go's latest j^g-inch " professional " 
objectives, and we take pleasure in saying 
that it is one of the best high-power len- 
ses we have ever setjn. In the words of a 
competent judge its definition is " superb." 
It is not of very great angular aperture, 
being marked 100" B. A., but it will readi- 
ly resolve all the diatoms of the test-plate, 
while it shows the podura-scale beauti- 
fully. 

Of wide angle objectives, there are 
two J-inch lenses by Mr. Tolles, in this 
city, which give the finest resolution of A. 
pellucida that we have ever seen. 

— We observe signs of growing interest 
in photographing with the microscope. 
Frequent inquiries about the best appara- 
tus to be used, and corfcerning the practi- 
cability of photographing with high powers 
come to us from all parts of the country. 
We have already referred to the admira- 
ble arrangement for the purpose devised 
by the Scovill Manufacturing Company, 
and we have since learned from Messrs. 
J. W. Queen & Co. that they are making, 
or already have made, preparations to sup- 
ply complete outfits for photo-microgra- 
phy. 

— Some " Notes on the Schizomycetes *' 
by W. B. Grover, now being published in 
Science Gossip are well illustrated, and 
would prove of interest to many micro- 
scopists. They are written for the in- 
formation of those who know nothing 
about these minute organisms, and the 
species are clearly described and compared 
with each other. 

— O. Butschli recommends the use of 
a solution of paraffin in chloroform (satura- 
ted at 35° C.) for imbedding delicate tis- 
sues. It possesses great advantages over 
the turpentine solution. The object to be 
imbedded is placed in chloroform, then 
in the solution, kept fluid by warm water, 
and when permeated by the paraffin, it is 
placed in a watch-glass with some of the 
solution and the chloroform driven off by 
heat. Then it can be imbedded in a lar- 
ger mass of paraffin in the usual way. 

— The angular aperture discussion bids 
fair to continue for some time yet in 
England. A few months ago Mr. George 
E. Davies wrote " A Plea for Wide Aper- 
tures," which was a reply to, and an able 
criticism from a practical point of view. 



of Prof. Abbe's recent article on the 
" Relation of Aperture and Power in the 
Microscope." At a meeting of the Man- 
chester Microscopical Society, held Sep- 
tember 7th, Mr. J. L. W. Miles read a 
paper on angular aperture, which has 
stirred up a real "hornet's nest." xMr. 
Davies declines to discuss the matter " in 
its present form," and it bids fair to be- 
come another warfare of personalities, such 
as the same subject has led to in the past. 
We very much fear that Mr. Miles will 
get the worst of the battle, but he is still 
confident and eager for the fray, for he 
proposes to meet his opponents in battle 
array at another meeting of the same 
Society. 

— So far as we are aware, no fluid has 
yet been proposed for homogeneous im- 
mersion lenses equal to the oil of cedar. 
The objection to this is its extreme fluid- 
ity, and substitutes are therefore much 
used. It has been found that oil of cedar 
increases in consistency by exposure in 
thin layers to the air and sun. Its index 
of refraction is thereby raised to 1*520, 
but olive or castor oil can be used to brings 
it back to required index 1*510. 

— The Aulacodiscus Kittoni is one of 
the beautiful discoid diatoms familiar to 
microscopists on the Pacific coast, and 
very common in cabinets everywhere. 
This diatom most frequently has four 
radiating processes, but often six, and ab- 
normal forms are not rare. The number 
of rays is not characteristic of the species. 
Some time ago Rev. J. L. Mills had what 
he thought was an A, Kittoni with four- 
teen rays. Mr. F. Kitton, in examining^ 
this specimen, discovered that it was com- 
posed of two valves together, each having 
seven rays, the elevations of one fitting 
into the concavities of the other, thus giv- 
ing the appearance of a single valve with 
fourteen rays. 

— Mr. J. B. Schnitzler has made some 
observations on pollen grains, which cer- 
tainly it would be interesting to repeat. 
He placed pollen grains of Narcissus 
poeticus and Leucojum cestivum in the 
mucilage obtained from the stems of the 
respective plants, and kept them at a tem- 
perature of 13 ° C. The pollen-tubes 
g^ow rapidly and currents of protoplasm 
are seen within them. 

— The same author has observed some 
indications that Paltnella uvaformis may, 
under certain conditions, develop into a 
filamentous alga resembling Stigeoclo- 
nium. 
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— Wti/ord's Microcosm is a monthly 
periodical, a copy of which has been on 
our desk for some time, awaiting ex- 
amination. It purports to be a " religio- 
scientific monthly," and the publishers in- 
vite special attention to the *' new and 
radical departures in science and philoso- 
phy " which have characterize it. We 
admit that if the articles on sound and 
gravitation in the number before us are 
/air exponents of the new departures 
spoken of, they deserve some attention 
from the scientific press. Not because 
they are valuable, but because, reaching 
as they doubtless do a large class of 
readers who have but a superficial ac- 
quaintance with science, such articles tend 
to cast discredit upon science, They are 
beyond criticism and unworthy of it. 
Their influence upon the progress of edu- 
cation is as pernicious as the effect of ob- 
scene literature upon morality. We can 
only express our sincere regret that such 
a paper as The Microcosm can find 
readers enough in the nineteenth century 
to make its publication possible ; and this 
must be the feeling of every thoughtful 
person who has an interest in the ad- 
vancement of knowledge and the educa- 
tion of the people. 



CORRESPONDENCE. 



To THE Editor.— In the last number 
of your excellent Journal, I observe re- 
ference made to mounting in balsam " by 
the carbolic acid process.' As I presume 
many are ignorant, like myself, of the pro- 
cess, a brief explanation in your next 
number, would be read with great interest. 

E. G. D. 

[The process mentioned was fully de- 
scribed by Mr. Vorce, yi the September 
number of Vol. I. That volume is now 
quite out of print, but a few copies of the 
September number can still be obtained. — 
Ed.] 



MICROSCOPICAL SOCIETIES. 



At a meeting of the New York So- 
ciety, held November 3d, Mr. J. D. Hyatt, 
described the structure of coral, and ex- 
hibited some sections of fossil coral 
which he had prepared, in which the coral 
skeleton had become changed from amor- 
phous limestone into calcite, or crystal- 
line carbonate of lime. The cells which 



were originally occupied by the coral ani- 
mal were fiUea with crystals of quartz, and 
as the crystals were cut at various angles 
to their axes in making the sections, the 
latter showed very gorgeous colors with 
polarized light. One of the corals especial- 
ly referred to, was Columnaria alveoiata. 
He also showed a specimen of fiint 
which he thought, from its microscopic 
structure, was originally a coral-rock. 
Flints are supposed to be usually derived 
from silicious sponges. In this specimen 
none of the lime carbonate of the coral 
remained, but the coral structure was 
preserved. The " table rock " at Niagara 
is limestone made exceedingly hard by 
silica. Some distance below tne surface, 
where the silicification has not yet extend- 
ed, the limestone is softer. 

In reply to a question by Dr. Clarke, the 
speaker said that in some cases the cal- 
careous coral substance is dissolved and 
replaced by silica. The silica is some- 
times crystalline, sometimes amorphous. 
Mr. N. L. Britton, referred to the Her- 
kimer (N. Y.) limestone, in which Colum- 
naria.vfdjs abundant. Probably the speci- 
mens examined by Mr. Hyatt came from 
that formation, as great deposits of silica 
are found there. The silica was doubt- 
less deposited from aqueous solution. In 
reference to this question, Mr. Kunz re- 
ferred to deposits of chalecedony around 
sponges at Tampa Bay, where it is sup- 
posed the silica comes from silicious water 
from the land. 

Mr. Kunz read a short article contri- 
buted by Mr. W. E. Damon, giving an 
account of his observations on coral ani- 
mals in aquaria, which is published in 
another column. 

At a meeting held November 17th, 
Polycystina and the Radiolaria in general, 
were the subject of discussion. Mr. Hitch- 
cock spoke on the subject, giving a short 
account of the relations of those beautiful 
marine organisms to the Protozoa, and 
the Rhizopods in general. 

One can scarcely speak of the Polycys- 
tina without first making some reference 
to the structure of the rhizopods in 
general. They are by no means all so 
simple in their structure as the primitive 
amoeba, and even this minute spec of liv- 
ing protoplasm is far from being a struc- 
tureless mass of living jelly, as it is fre- 
quently said to be. Yet the rhizopods 
occupy a very low position among the 
protozoa. Imagine a clear, transparent, 
colorless, semi-fluid substance, which has 
the power of moving, and you have an 
idea of the appearance of the simplest 
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amoeba. But view this with a high power 
of the microscope, and at once it will be 
seen that it is not a perfectly homogeneous 
mass of matter. Throughout its substance 
there will be seen minute granules which 
seem to lie free in the more fluid portion, 
but which are not uniformly distributed 
through it. At some period of its life, it 
is probable that every amceba possesses a 
nucleus, — the function of which it is not 
possible to explain* but is supposed to be 
a portion of the protoplasm more highly 
organized than the rest. Advancing 
higher among the species we find a con- 
tractile vesicle, a clear circular spot or 
cavity in the protoplasm, which pulsates 
in a regular manner, as though it were 
alternately filled and emptied of a watery 
fluid. 

Among the simplest and most minute 
forms, no definite external envelope can 
be discerned, but as we pass from these 
upward in the scale of development a 
thickening of the outer protoplasm is ob- 
served, which gradually becomes more and 
more pronounced until a well-defined en- 
closing membrane is found among all the 
more highly developed species. He then 
gave an account of the structure of the 
Radiolaria, their mode of growth, their 
food and methods of reproduction, and 
finally referred to the part they have taken 
in the formation of rocks. At Barbadoes 
their remains are found forming rock 1,100 
feet in thickness, and at the Nicobar 
Islands, 2,000 feet. 

Mr. Britton showed some Radiolaria 
dredged from 3,000 fathoms. 

Mr. Balen showed some rotifers living 
within the sphere of Volvox globaior. 



NOTICES OF B00K8. 



A Sketch of the Progress of American 
Mineralogy. An adress delivered be- 
fore the American Association for the 
Advancement of Science, at Montreal, 
August 23d, 1882. By Professor Geo, 
J. Brush, President. (Pamphlet, pp.42.) 

Ninth Annual Report Relating to the 
Registry and Return of Births^ Mar- 
riages and Deaths in Michigan for 
the year 1873. By the Superintendfent 
of Vital Statistics, under the general 
direction of the Secretary of State of 
the State of Michigan. By authority. 
Lansing: W. E. George & Co., State 
printers and binders, 1881. (Pp. 329.) 



Tenth Annual Report Relating to the 
Registry and Return of Births, Mar- 
riages and Deaths in Michigan for 
the year i8y6. By the Superintendent 
of Vital Statistics, under the general di- 
rection of the Secretary of State of the 
State of Michigan. By authority. Lan- 
sing : W*. S. George & Co., State print- 
ers and binders, 1881. (Pp. 331.) 

The compilation of these valuable hooks 
has involved an amount of labor which 
few persons can well appreciate until they 
make a study of the statistical tables. 
Yet the importance of the work cannot 
be over estimated, since it must lead to a 
better understanding of the laws which 
affect human health and happiness. It is 
to be regretted that all the States are not 
compiling annual statistics as carefully as 
the State of Michigan. 

A Contribution to the Study of the Bac- 
terial Organisms Commonly Found 
upon Exposed Mucous Surfaces and 
in the Alimentary Canal of Healthy 
Individuals. Illustrated by photomi- 
crographs. By George M. Sternberg, 
Surgeon U. S. Army, etc. (Pamphlet, 
pp. 26, three plates.) 

This is a valuable contribution, the sub- 
ject of which is fully expressed by the title. 
It was read at the Cincinnati meeting 
of the A. A. A. S..last year. The plates 
illustrate two forms of apparatus used in 
culture-experiments, and a number of 
forms of bacteria found upon various rau- 
cous surfaces. The plates are by the 
heliotype process. 



Exchanges. 



[Exchanges are inserted in this column without 
charge. They will be strictly limited to mounted 
objects, and material for mounting.] 

Wanted — To, exchange, ^ood slides correctly 
named, or material for mounting for same. — F. C. 
Smith, Bridgeport, Conn. 



Wanted — Diatomaceous material from New Hamp- 
shire containing /4 »f^A«/*/^«ra Lindhetmgrt.iii ^k- 
change for materials from North of Ireland. — William 
A. Firth, Whiterock, Belfast, Ireland. 



Striatella unipuncta^ Rhabdonetna Adriaticum^ 
and other first-class crude material,^ to exchange for 
named diatoms and first-class material— prepared and 

farticularly foreign material preferred. — M. A. Booth, 
.ongmeadow, Mass. 



Wanted — Animal parasites. Ixodes, Acari, etc., 
either mounted or unmountea. — ^W. A. Hyslop, 22 
Palmerston Place, Edinburg, Scotland. 
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